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Abstract Coating banana (Musa agcuminata Colla cv. Dwarf Cavendish) fruits with 1.5,
Pro-long delayed chlorophyll breakdown in peel, the decrease in firmness of the fruit and
the increase in ethylene produciion of the whole fruit. During ripening. the accumulation
of ACC content occurred in banana fruit treated with Pro-ong, The peak in ACC centent
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appeared a short time before that in ethylene production and in EFE activity. The peaks
in ACC content and EFE activity of Pro-long treated fruits occurred 5 days later than that
of the control. During ripening EFE activity in banana pulp discs treated with Pro-long was
partially inhibited (from 19.45% to 40.51%%). MACC contents in banana fruit were at
significant levels at the bepinning. and then increased gradually with the development of
ripening, but only slightly as compared with the marked increase in ACC levels. We suggest
that effects of Prolong coating on banana fruit during ripening mainly due to affecting
ethylene hiosynthesis of the fruit through partially inhibiting EFE activity by reducing the
supplement of oxygen, so as to delay the increase in ethylene production and so extend the
ripening processes,
Key words Prodong coating; I-aminocyclopropane carboxylic acid (ACC) Malonyl-1-
aminocyclopropane carboxylic acid (MACC). FEthylene forming enzyme (EFE)

Ethylene: Banana fruit

1 Introduction

Ripening of climacteric fruits such as banana shows a great inefease in respiration rate
and autocatalytic ethylenc production. In these fruits ethylene plays an imporiant role in
the ripening process of fruits. Ethylene is gemerally considered to be the hormonal regulator
of the ripening of climacteric fruits. Adams and Yang described the pathway of
ethylene production in higher plants as follows: Methionine — S-adenosylmethionine (SAM)
—~ l-aminocyclopropane-l1<arboxylic acid (ACC) — C,H,'". ACC synthase and ethylene
forming enzyme (EFE) are the key enzymes in the pathway”. The content of ACC
is low during the preclimacteric stupe of many fruits, but increases greatly dufing the
climacteric, and then decreases in the postclimacteric stage™. In climacteric fruits, regulation
of ethylene biosynthesis seems to depend on both ACC and the capability of the tissuc
to convert ACC to ethylene®. The ACC level can be regulated by its rate of synthesis
and conversion to cthvlene as well as by its conjugation to malonyl-ACC (MACC)P.
On the other hand. ethylene is capable of regulating the activity of EFEY, ACC
synthase® and MACC transferasc’.

Pro-long is a coating material for fruits comprising & mixture of sucrose esters of fatty
acids and sodium salt of carboxymethyleellulose. Coating bamana fruit with an aqueous so-
lution of Pro-long has been shown to form a physical bairier to gaseous diffusion through
the stomata on the fruit surface, which are the principal route for gaseous exchange of the
the fruit  tissues with the external atmosphere®. Application of Prodong ta C.H,
trcated bananas reduced their rates of respiration and CH, production. and delayed

the decline in skin chlorophyll content. these effects were ascribed to the reduced O, levels
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found in coated fruits®. Application of Pro-long to bananas at different times relative to ini-
tiation of ripening reduced their respiration rates, C-Haiproduction and chlorophyll losst™. In
addition, other studies have been performed on the effects of Pro-long on ripening process
of banana, babaco and papaya""'?, However, little is known as to how Pro-dong coating .
affects ethylene binsynthesis so as to delay the ripening process of fruits even though some
applications of Pro-long 1o fruits were done'. This work was designed to examine the effects
of Prodong coating on biosynthesis of ethylenc and other relevant physiological changes in

banana fruits dunng ripening.
2 Materials and Methods

2.1 Plant material and treatments

Banana (Musa acuminata Colla ¢v. Dwarf Cavendish) fruit, green and slightly immature
by commerical standards, were obtained from Windward Isles through Banana Section of
Geest PLC. The bananas were washed with 1% sodium hypochloride solution. and allowed
to dry. Afterwards. the fruits were dipped into 1.5% Pro-long coating solution for scveral
minuies. and then allowed 1o dry for about 1| hour. The fruils were stored at 20 T with

75% relative humidity.

1.2 Determinations of ethylene production

Fruiis were sealed in plastic boxes with septa for 4 hours and then Iml gas samples
were taken through septa and injected into Shimadzu gas chromatograph with a gas-tight
syringe. The Shimadzu gas chromatograph was fitted with a flame ionization detector with
the following conditions: Al,(, column. oven temperature 90 T, injection temperature 120 T

and nitrogen carrier gas flow rate 40ml min™.

1.3 Determination of ACC and MACC contents

Pulp tissue of banana. 10g fresh weight, was homogenized in 10ml of 90% ethanol by
means of an Ystral Gmbh D-7801 Dottingen homogenizer. The shaft was washed with addi-
lional 10ml of 90% ethanol. The extract and washings were combined and extracted in a
water bath at 70C for 1 hour, and then centrifuged at 4000rpm for 15min. The
supernatant was collected, and the residue was exiracted twice with 10ml of 90% ethanol
.nd then cenirifuged and all supernatants were combined. The supernatani was concentrated
ander reduced pressure at 45T by means of CORNING vacuum rotary evaporator to re-
move all ethanol and the extract was mixed with 3ml of chloroform to remove pigments,
and then with 5ml of water and was vigorously shaken. ACC in the water phase was assayed

{9

by the method of Lizada and Yang For measuring MACC content, an 2mil aliguot

was hydrolyzed in 3mol L"' HCl at 00T for 3 hours to liberate ACC. Following
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neutralization with 3mol L' NaOH the resulting hydrolysate was assayed for ACC as des-
cribed above. MACC content was calculated as differences in ACC content after and before
HCl-hydrolysis.

2.4 EFE assays

EFE activily was determined by measuring conversion of administered ACC to cthylene
in vivo. 2g of pulp discs, about 3mm thick and 6mm in diameter, were sampled with a No.4
core borer and placed in a 22ml flask. Following addition of 0.5ml of 5mmol L' ACC so-
lution. they were infused in vacuum for 5min. Then each flask was sealed with a rubber se-
rum cap for 3 hours and ethylene wus delermined as above. EFE activity was expressed as
ethvlene production. On the other hand, after infusion in vacuum. some pulp discs were
coated with 1.5% Pro-long coating solution immediately and then sealed as above for

ethylene determination.

2.5 Analysis of chlorophyll

A 4g banana peel sample was homogenized and extracted with 80% acetone. Ammenium
hydroxide (three to four drops) was added to stabilize the chlorophyll. The extract was
filtered with a Buchner funnel at reduced pressure. The filtrate was diluted into 50ml. The
solution was read at 645nm and 663nm and the amount of chlorophyll in the sample cal-
culated with the following cquation: C,.,, =({20.2 x A, -+ (8.02 = A,). Micrograms of
chlorophyll per gram fresh weight was calculated by multiplying by the dilution factor.

2,6 Analysis of firmness

The firmness of banana pulp and peel was analyzed by TA-XT2 Texture Analyser with
XTRA Dimension software package (SMS Stable Micro Systems, Unit 103, Blackdown Ru-
ral Industries, Haste Hill, Haslemere, Sutrey GU27 3AY. England).

2.7 Statistical analyses
All data are presented as means of measurements from irplicate experiments. Analysis

of variance was used for least significant difference at the 5% level.
3 Results

3.1 Effect of Pro-long treatment on chlorophyll contents and firmness

In the beginning stage of storage. the chlorophyll contents of the peels in both the con-
trol and Pro-long tireatment were high. decreasing slowly with ihe development of
ripening, and that of Pro-long treatment decrcascd more slowly than that of the conirel
(Figure 1). At day 10 of storage, the chlorophyll contenls of the control and treatment were
33.33% and 71.62% of that at the beginning respectively. Then, they fell to low levels.
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During the beginning stage of storage, the firmness of peels and pulps in both the con-
trol and Pro-long ireatment were high, The firmness of peels and pulps in the control
started to decrease quickly after the $th day, while that in the Pro-long treatment remained
high, starting to decrease by the 15th day (Figure 2). The patterns of changes of the .
firmncss in both the conirol and the treatment are simular.
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3.2 Effect of Pro-long treatment on ethylene production
In whole fruit, ethylene produetion in both the contrel and the Pro-long treatment was
very low before day 4 and day 9 of storage respectively. Ethylene production in the control
started to increase greatly after day 4 of storage and reached a peak at day 9 of storage.
while that in Pro-long treatment started to increase after day 9 of storage and then reached
a peak at day 14 of storage (Figure 3). Afterwards, ethylene production in both the con- N
trol and Pro-long treatment decreased quickly. They have similar pattern of ethylene evolu-

tion.

3.3 Effect of Pro-long treatment on ACC and MACC contents

Changes of ACC and MACC contents in pulp are shown in Figure 4 and Figure 5
respectively. At day zero of storage. ACC levels in the pulp were very low, and MACC
contenis were at significant levels. After day 5 of storage, ACC content in the control
started to increase and reached a peak (23.59nmol g fresh pulp) at day 8 of storage, while
that in the Pro-long treatment started to increase after the 2nd day and increased pradually
and reached a peak (27.53nmol g' fresh pulp)y at day 13 of storage. Afterwars, ACC
contents in both the control and Pro-long treatment fell quickly to low levels. Meanwhile.

MACC contents in both the control and Pro-long treatment inereased slowly. After day 5
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of storage. MACC content in the control increased gradually and reached up to
5 52nmol g’ fresh pulp at day 11 of storage, while MACC content in the Pro-long treat-
ment increased gradually after day 9 of storage and reached up to 5.43nmol g’ fresh pulp

at day 16 of storage.
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3.4 Effect of Pro-long treatment on EFE activities
Changes of EFE activities in pulps of both the control and Pro-long treatment of whole

fruits druing ripening are shown in Figure 6. At day zero of storage, EFE activity was low
(18.80nl1 g'fresh pulp h'), With the development of ripening. EFE activities in both the con-
trol and Pro-long treatment increased gradually, and that in the Prodong treatment in-
creased much less than that in the control before day 7. After day 7 of storage, EFE activity
in the control increased greatly and reached a peak at day 9 of storage, which coincided
with a peak in ethylene production. while EFFE activity in the Pro-long treatment continued
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‘o increase slowly before duy 12 of storage and then increased and reached a peak at day
‘4 of storage. Then. EFE activities in both the control and Pro-long treatment decreased to
‘ow levels.

Further to understand the effect of e M
Pro-long coating on EFE in banana pulp

Jiscs, changes of EFE activities in ba-
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nana pulp discs treated with 1.5% Pro-

long were measured. The resulis are

~hown in Figure 7. EFFE activities in

hanana pulp discs of both the control

g

amd  treatment increased slowly and

reached a peak at day 9 of storage,
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and then they fell quickly to low
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levels. Throughout these processes, EFE
wctivity in banana pulp discs treated

with 1.5% Pro-long remained lower than

that in the control. EFE activities in i} TR g 1 11 12 13

£
LA

ihe treated banana pulp discs were re- Duys of slorage

luced b}' from 19.45% to 40.51% us Fig. 7 Ethyknce formung enzyme aclivitics in bunana pulp
N discs treated with |1.5% Prodong coating

compared with the control. At day 9, 3 Pulp dises+ACC

EFE activity in this treated discs was B Pulp dies+ACC+1.5% Pradong

reduced by 38.85%.

4 Discussion

During ripening of banana fruit chlorophyll contents in peels of both the control and .
Pro-long treatment decreased continucusly. The rusults shown in Figure 1 indicate clearly
that chlorophyll content in the Pro-long treatment decreased more slowly than that in the
control. There is a significant difference between the control and Pro-long treaiment
{P<0.05). That is Pro-lonpg treatment delayed chlorophyll breakdown in banana peel.

In the preclimacteric stage, the firmness in peels and pulps of both the controt and
Pro-long treated fruits changed slightly, and then their firmness decreased quickly (Figure
2). Figure 2 indicates clearly that the Pro-ong treatment delayed the decreases in the firm-
ness of peel and pulp by 5 days. Also there are significant differences in the firmness of peel
and pulp between the control and Pro-long treatment (P<0.05).

Our data indicate that the Pro-long treatment delayed the increase in ethylene
nroduction by 5 days (Figure 3), but the pattern of ethylene evolution in the Pro-long treat-

ment appeared smmilar to that in the control.
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The fact that the EFE activity increased gradually in the beginning stage indicates that
the EFE system is active during the beginning stage (Figure 6). The great increase in EFE
activity coincided with that of ecthylene production. Figure 6 indicates that the Pro-
long treatment delayed the great increase in EFE activity by 5 days. EFE is a key enzyme
converting ACC to ethylenc®. Banks™reported that the Km (O.) for the conversion of
ACC to ethylene in banana fruit pulp tissue as estimaled by this system is 2.2%. ten times
greater than that estimaled by previous workers for discs of apple cortex. tn our study.
we applied Pro-long coaiing io banana pulp discs to reduce the supplement of oxygen
thereby inhibiting EFE activity in banana pulp discs by from 19.45 to 41.51% during
ripening (Figure 7} where therc 1s a significant difference between the control and
Pro-long treatment (P <9.05}.

The ACC levels in pulps of both the control and Pro-long treatment in the beginning
phase were low (Figure 4). Figure 4 shows that there was a slow accumulation ot ACC in
Pro-long treated fruit before the great increose of ACC content. The great increases of ACC
content in both the contre!l and Pro-long treated fruit took place a short time hefore the
peaks of both EFE activities and cthylene production: the increase in ACC level in the
Pro-long treated fruit was delayed by 5 days. Aficrwards, because of the preat increase in
EFE activity, ACC was converted to ethylene and decreased quickly to low levels. Also there
is a signilicant difference in the changes of ACC levels between the control and Pro-long
treatment (P <0.05). We suggest that the following sequence of evenis occurs during ripening
of banana fruit: ACC synthase is first synthesized producing ACC which is converted io
ethylene by the already existing EFE system. The ethylene produced stimulates additional
ACC synthase activity and then. when ethylene production reaches a certain threshold level, it
stimulates EFE activity, thereby further increasing ethylene production. Autocatalysis is a
common feature of npening in climacteric fruits!™and some data indicates thai ethylenc en-
hances the induction of both ACC synthase® and EFEP®"™¥ in various fruits. In our study,
Pro-long coating was used on banana fruit forming a gaseous barrier on the surface of the
fruit to reduce the supplement of oxygen. thereby inhibiting EFE activity partly. which re-
sulted in the accumulation of ACC content. However, because EFE aciivity was mhibited
only in part, ethylene production continued, and when ethylene production reached a certain
threshold level. it stimulated EFE activity so as to increase ethylene production further and
then reached a peak.

It is well accepted that malonylution of ACC may play a role in the regulation of
endogenous ACC level and enhance of ethylene production™. Preclimacteric banana fruits
contain a significant level of MACC (Figure 5). This indicates thai at least part of the ACC
which 15 synthesized in the course of fruit growth is conjugated to MACC. Thus
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malonylation of ACC may participate 1n regulating ethylene production during the
preclimacteric stage. In conirast. it does not seem to play a role in regulating ethylene pro-

Jduchion at the climacteric stage. At this stage, MACC of both the control and Pro-long

ticated fmuit increased only slightly as compared with the marked increase in ACC levels .
(Figure 4 and Fipure 5). However, MACC contient of the conirol increased earlier than that

of 1.5% Pro-long ireated fruit.

Banks®? suggested Pro-long coaiing affects gaseous exchange of banana fruit surface
thereby delaying ripening. Qur results further clarify that effect of Pro-long coating on
banana fruit ripening is a complex process, mainly affecting ethylene biosynthesis of
banana fruit. This is through partly inhibiting EFE activity by reducing the supplement of
oxygen which delays the great increase in ethylene produciion and so extends the ripening

processes.
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