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Abstract

The research of the 3 — year project was carried out with fruits {mango, mangosteen and
banana), vegetables {baby com, cucumber and Chinese kale) and flowers (curcuma and orchid).
Chilling injury of baby corn, mango, mangosteen and banana, pericarp hardening of mangosteen
pericarp after impact, senescent spotting of ripening banana, effects of light on postharvest changes of
cucumber and Chinese kale, prolongation and postharvest changes of curcuma and orchid flowers,
and postpollination developmental processes of archid flowers were intensively conducted. Achievement
of the project resulted in 3 students graduated with M.S. and 4 students graduated with Ph.D. Regarding
the publication, 12 papers have been already published in international journals, 6 papers have been
submitted and being revised, while 4 papers are in the process of being submitied. In addilion, one
general article has been already published and another one has been submitted and will be published
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Abstract

Browning development of three baby corn cultivars was studied in relation to
their weight loss, total phenclics and polyphenol oxidase activity after harvest.
‘Chiang Mai 90’ baby corn had a greater browning development during storage than
‘CP 45’ and ‘Pacific #5° baby corn. Browning development of baby corn correlated
with weight loss and total phenolics but not with phenylalanine ammonia lyase and
polyphenol oxidase activities. The role of desiccation in browning development of
baby corn after harvest was discussed.

INTRODUCTION

Baby corn or young-ear comn is an important vegetable crop growing in Thailand,
as tonnage and export value increase every year. Baby corn is the entire young cob, which
has a high nutriticnal value. One of the major postharvest problems in baby com is the
development of browning (Somboonsarn, 1993). Browning occurs in many fruit and
vegetable species and the mechanisms underlying the process may be either enzymatic or
non-enzymatic (Martinez and Whitaker, 1995). Polyphenol oxidase is widely distributed
in plant tissues and catalyzes the oxidation of phenolic compounds to quinones that in
turn polymerize to form brown pigments (Mayer and Harel, 1979). Preliminary data
showed that some cultivars of baby corn were less susceptible to browning than others.
The aim of this study was to monitor the development of browning and postharvest
changes in three different baby comn cultivars stored at room temperature.

MATERIALS AND METHODS

Baby comn (Zea mays) cultivars used in this study were ‘Chiang Mai 90°, ‘Pacific
#5" and ‘CP 50°. Young-ear corns were individually barvested as soon as silk showed
approximately one inch above the husk. Husk was removed by knife while silk was
removed manually. Young-ear comns were selected by uniformity of size and colour. They
were then placed on polystyrene trays (12.5 x 12,5 cm) and wrapped with a PVC film.
Each tray contained 10 young-ear corns that were kept continuously at rocom temperature
(27 °C and 70% RH) for 6 days. Browning development, water loss, total phenolics,
phenylalanine ammonia lyase (PAL), and polyphenol oxidase (PPO) activities of young-
ear coms were monitored during the study period. Browning of young-ear corns was
assessed on a (-4 scale, where 0 was no browning development and 4 was severe
browning development.

Weight loss of the young-ear comns was calculated as % of initial fresh weight,
from the weight measured at harvest, and after 2, 4 and 6 days in storage.

Extraction and assay of PAL and PPO were carried out as described by Camm and
Towers (1975) and Luh and Phithakpol (1972), respectively. Protein content was
determined according to Bradford (1976). Total phenolics were determined using the
method described by Singleton and Rossi (1965). Each treatment had five (biological)
replications, and each replication consisted of the whole young-ear com from 10 young
ear-corns, pooled together.
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RESULTS

Weight losses of all three cultivars of baby corn increased rapidly during storage
(Fig. 1). ‘Chiang Mai 90’ baby com had the greatest weight loss, while ‘Pacific #5° baby
corn had the least. Average daily weight loss as a proportion of the original weight of
‘Chiang Mai 90", ‘CP 50’ and ‘Pacific #5’ baby com over the six-day period was [4.5,
11.7 and 10.8%, respectively.

Browning of baby corn occurred at the tip of ovules, cut surface of the cob and
silk which remained attached to the cob. Development of browning increased rapidly for
all three cultivars during the first two days of storage and increased slightly thereafter,
except for ‘Chiang Mai 90’ baby comn in which browning increased rapidly on day 6 (Fig.
2). Total phenolics of all three cultivars increased gradually during storage at ambient
temperature (Fig. 3).

PAL activity of ‘Chiang Mai 90’ baby comn was very high on day 0 and rapidly
decreased thereafter, while PAL activities of ‘CP 50° and ‘Pacific #5° baby comn were
very low on day 0 and decreased slightly thereafter (Fig. 4). PPO activity of ‘CP 45’
baby corn was the least on day 0 and gradually increased thereafter, while PPO activity of
‘Pacific #5° baby cormn was the greatest on day 0 and slightly increased thereafter. PPO
activity of ‘Chiang Mai 90° baby com was also high on day 0 and decreased gradually
throughout the study period (Fig. 5).

DISCUSSION

The weight loss of three baby corn cultivars studied increased steadily during the
six days. The daily average weight loss, mainly due to the loss of water, on baby com was
high compared with other commodities (Robinson, et al., 1975). The surface of young-ear
corns is covered with very small ovules resulting in a large surface area unit per volume,
which enhances weight loss (Burton, 1982). Moreover, ‘Chiang Mai 90’ baby com had
the smallest size with a fresh weight of 60 g per young-ear corn, while ‘CP 50 and
Pacific #5° baby com had a fresh weight of 100 g per young-ear corn. Thus, ‘Chiang Mai
90" baby corn had a greater ratio of surface area unit per volume than ‘CP 50’ and
‘Pacific #5° baby corn, contributing to a greatest weight loss during storage .

Browning of baby corn occurred at the tip of the immature ovules, cut surface of
the cob, and sitks which remained attached to the cob. But, browning of immature ovules
is the main limiting factor of baby com quality, which results in rejection by the
consumer. Oxidation of phenolic compounds 15 the cause of browning in plant tissues
(Mayer and Harel, 1975; Martinez and Whitaker, 1995). However, changes in PAL and
PPO activities did not show a good correlation with browning development of young-ear
com. This suggested that browning of young-ear corn might not depend on de novo
synthesis of PAL and PPQO activities. All three cultivars of baby comn exhibited a greater
weight loss concomitant with an increase in browning and total phenolics. Destccation
has also been reported to be one of main factors causing browning on lychee fruit (Scott
et al.,, 1982; Underhill, 1992). Desiccation increases the breakdown of vacuoles, causes
the leakage of phenolic compounds, and destroys the compartmentation of browning-
related enzymes and their substrates (Chen and Hong et al., 1992; Underhill and
Critchley, 1994). Thus, severe weight loss of young-ear corn may cause the breakdown of
vacuoles and retease phenolic compounds, which come into contact with preexisting PPO,
resulting in oxidation of phenolic compounds to quinones and finally polymerize to form
browning pigments (Martinez and Whitaker, 1975).

CONCLUSION

All three cultivars of baby com exhibited a great weight loss and browning
development after removal of husk and silk. Browning correlated with water loss and
total phenolics but not with PAL and PPO activities.
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Abstract

Storage of cv. Micro-C cucumbers in darkness, at 13 °C and 95 % RH, induced rapid
peel yellowing. The presence of fluorescent light (16 umol m~ s} during storage
prevented this yellowing. The chlorophyll content in the cucumber fruit peel stored in
darkness decreased much more rapidly than that of fruit stored in the light. Although the
chlorophyllase activity in the cucumber peel increased under both conditiens, it increased
much earlier, and immediately, in fruits placed in darkness. The carotenoid content of
cucumber peel stored in darkness increased more than that of fruit stored in the light. The
data indicate that the peel colour, both in darkness and in the light, is mainly due to the
chlorophyil concentration. Light prevention of chlorophyll loss was correlated with lower
chlorophyll degradation by chlorophyllase. As the light level seems below the
compensation point, the effect of darkness on chlorophyll breakdown may relate to a

phytochrome effect.

*Corresponding author. E-mail address: agrsck(@ku.ac.th (S. Ketsa). Fax: 662 5791951
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1. Introduction

Peel yellowing is a main problem, and an indicator, for cucumber quality. A more
yellow peel is correlated with a decrease 1n fruit firmness (Schouten et al. 2002).
Light has been reported to affect the synthesis and degradation of pigments in many
freshly harvested plant commodities (Gross, 1987). In the present research, we report that
very low light levels can prevent cucumber peel yellowing. We also assessed chlorophyll

and carotenoid levels, and the peel chlorophyllase activity.

2. Materials and Methods

Plant material

Fruits of cucumber (Cucumis sativus L. cv. Micro-C, a local Thai cultivar) were
harvested at the commercial stage based on size and peel colour. They were obtained
from a local grower in the morning and brought to the laboratory within 2 h of harvest.
Fruits were further selected for uniformity of colour and size. Fruits were then separated
into two groups and each group was placed into plastic containers (30x30x30 c¢cm). At the
upper side of container covered with a polyethylene plastic film (1 micron thickness) and
exposed continuously to light (at 16 pmol m-2 s-1) from the Philips E27 (60w, 12 Im./w)
lamp over the upper side (PE film side} of plastic container and without lamp for control.
The RH inside plastic container was about 90%. All treatments were done in the

refrigerator at 13°C. The RH in side the refrigerator was about 80%

FPigment analysis
Chlorophyll content in the cucumber fruit peel was both extracted and measured

(spectrophotometrically) according to the method of Whitham et al. (1971). Carotenoid in
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the cucumber fruit peel was extracted with petroleum ether and measured using the

method of Georges and Olivier (1993).

Chlorophyllase assay

Chlorophyllase in the cucumber fruit peel was extracted and the activity was
determined according to the method of Shimokawa et al. (1978). The protein
concentration in the homogenate was determined by the method of Bradford (1976) using

bovine serum albumin as the standard.

Statistical analysis
Experiments were carried out using 3 replications and each replication had 12 fruits.

Results were the average of 36 fruits. Experiments were repeated twice at later dates.

3. Results

3.1. Colour changes during storage

The Micro-C cultivar is a small cucumber. When mature it is about 10 ¢cm long and has a
diameter of 3 cm. The colour 1s dark green. Just as other cucumbers, it is chilling
sensitive; the optimum temperature for storage being about 13°C. During storage in
darkness at 13°C and 90% RI, the peel of the cv. Micro-C cucumbers changed rapidly
from green to yellow (Fig. 1). So the fruit cannot be stored at all at these conditions, as 1t
is unacceptably yellow within 3 days of storage. However, a low light level by
fluorescent tamps, providing as little as 16 pmol m™ s largely prevented the colour
change during the nine days of the tests (Fig. 1). Further experiments showed that the
fruit can be stored under such light conditions for up to nine days, after which they have

an acceptable shelf life (results not shown).



3.2. Chlorophyll level and chlorophyllase activity

Although the chlorophyll content in the cucumber peel decreased under both light and
dark conditions, it decreased much faster in cucumbers held in darkness (Fig. 1).
Chlorophyllase activity in the cucumber peel gradually increased under both conditions,

but much more rapidly in fruits held in darkness (Fig. 2).

3.3. Caroteinoid levels

In the peel of cucumber that were held in darkness the total carotenoid level increased
very little during the first 6 days of the experiments, and increased somewhat more from
day 6 to 9. A similar farge increase was observed in the peel of fruit stored in the light,

but here it occurred from day 3 to 6 (Fig. 3).

4. Discussion

In cucumber, colour is a major criterion by consumers to determine whether the
fruit fresh or not. The green colour seems mainly due to the presence of chlorophyll. If
the chlorophyll is only slightly altered, its green colour is lost (Matile and Hortensteiner,
1999). Chlorophyll degradation shows at least two stages, an early one, before cleavage
of the tetrapyrrole ring, and a late one, after this cleavage. The products of the early stage
are greenish, whereas those of the late stage are essentially colourless (Takamiya et al.,
2000). Chlorophyll degradation occurs both by non-enzymatic and buy enzymatic
reactions (Gross, 1987). Chlorophyllase cleaves chlorophyll to chlorophyllide
(Hortensteiner, 1999).

Chlorophyll content of cucumber peel stored under light and dark conditions
decreased, concomitant with a roughly proportional increase in chlorophyllase activity.

However, in the light conditions some chlorophyll was degraded without an apparent



increase in chlorophyllase (Fig. 1). An increase of chlorophyllase activity has also been
reported in stored citrus fruit (Brandis et al., 1996) and in radish roots (Akiyama and
Yamauchi, 2001). Chlorophyllase been reported to have a much lower activity in plant
parts in darkness than in parts growing in the light (Ellsworth 1971).

Leaf yellowing in many species ts not only affected by light quantity, but also by
light quality. Red light prevents chlorophyll degradation and far red light promotes it,
through the action of phytochrome (van Doorn and van Lieberg, 1993). In the present
tests the light levels (16 umol m™ s7) was lower than the compensation point for the
photosynthesis of many green plant tissues, even those adapted to low light levels. So it
may be light quality rather than light quantity that affects cucumber peel yellowing.

Disappearance of chlorophyll is often associated with the synthesis of pigments
ranging from yellow to red. Many of these are carotenoids (Gross, 1987). In cucumber
{ruit, carotenoid content increased under both light and dark storage, although earlier in
the light than in darkness. Research on tomato also shows that light 1s not an absolute
requirement for increased caretonoid synthesis, although light stimulated the synthesis
{Raymundo et al., 1976). Light also stimulated carotenoid levels in apple (Proctor and
Creasy, 1971).

[t is concluded that the highly sensitive cucumber cultivar stored at lower
temperature cucumber peel turned yellowing more rapidly in the darkness than in the
light.  Cucumber fruit stored in the darkness had more carotenoid content and
chlorophyllase activity and less chlorophyllase activity than those stored in the light.
Appearance of yellowing of cucumber peel was probably the result of a combination of

the loss of chlorophyll pigments combined with carotenoid synthesis.
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Legends to Figures

Fig. 1 Peel colour and peel chlorophyll content in cucumber cv. Micro-C during storage
at 13° C under light ( —O—) and dark (—®— ) conditions. Data are means of 3

replications, each consisiting of 12 fruits, £ SD.

Fig. 2 Chlorophyllase activity in the cucumber fruit peel during storagre at 13° C under
light ( O yand dark ( ~®~ ) conditions. Data are means of 3 replications,

each consisting of 12 fruits, + SD.

Fig. 3 Carotenoid content in the cucumber fruit peel during storage at 13° C under light
(—0— ) and dark ( _g— ) conditions. Data are means of 3 replications, each

consisting of 12 fruits, = SD.
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Abstract

Chinese kale (Brassica oleracea var. alboglabra) leaves stored at 1°C (95% RH)
under the fight and darkness were monitored for quality and postharvest changes. Chinese
kale leaves stored under the light had better overall quality than stored indarkness.
Weight loss of Chinese kale leaves stored under light increased more rapidly than stored
under the darkness while ascorbic acid stored under the darkness decreased more rapidly
than stored under the light. Light exposure did not only enhance carotenoid synthesis but
also delayed chlorophyll loss in Chinese kale leaves. Chlorophyll a content increased
rapidly while chlorophyll b content decreased sharply in Chinese kale leaves stored both

under stored both under the light and darkness, Chlorophyllase activity of Chinese kale

*Corresponding author. E-mail address: agrsckimku.ac.th (S.Ketsa). Fax: 66-02-5791951
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teaves stored under the light and dark conditions decreased rapidly at initial time
storage but chlorophyllase activity of Chinese kale stored under the darkness decreased
more rapidly while peroxidase activity of Chinese kale leaves stored under the light and
darkness increased rapidly at later of storage. Starch synthesis increased more rapidly
under the light than by the darkness. Both fructose and glucose content increased rapidly

while sucrose content remained slightly unchanged under the light and darkness.

Keywords: ascorbic acid, carotenoid, Chinese kale, chlorophyll, chlorophyllase, sugar,

starch, peroxidase, weight loss

L. Introduction

Chinese kale (Brassica oleracea var. alboglabra) is an important leafy green
vegetable. Chinese kale is a hardy, cool-season vegctabte but it can be grown all year-
round in the tropical region because it adapts and tolerates summer heat. Chinese kale
differs primarily in leaf color and texture among varieties. After harvest, it can be stored
for 10 to 14 days at 1°C (90-95% RH). The main problems of Chinese kale after harvest
is lignification and yellowing (Poochai et al., 1984; Wilson et al., 1988). Mature leaves of
Chinese kale are prone to turn yellow within a few days at ambient temperature after
harvest. Yellowing of leaves may involve the degradation of chlorophyll by
chlorophyllase and/or peroxidase (Yamauchi and Minamide, 1985). Although cold
storage could maintain the quality of several perishable commodities but it is unable to
delay the occurrence of yellowing in certain leafy and fruit vegetables {Yamauchi and
Hashinaga, 1992; Yamauchi et al.,, 1997). Light was proved to be useful in activating the
synthesis of pigments such as chlorophylls and anthocyanins in certain crop commodities

(Perrin, 1982; Tombesi et al., 1993). [t seems that light is related to an energy generation
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process of harvested green plant tissue. Thus, it is quite interesting to see
whether light has any effect on postharvest changes of Chinese kale leaves during

storage.

This study was aimed to monitor postharvest changes in Chinese kale leaves during

storage under the light and darkness.
2. Materials and methods

2.1. Plant material

Mature, medium-green color leaves of Chinese kale, were harvested from a vegetable
farm near Bangkok suburban. They were selected for uniformity of size and color.
Leaves were then randomly separated into two groups and each group was placed in PE
bag (0.0625mm thickness, 20 x 30 cm, Manee Mongkol import export, Thailand)
containing 12 holes of 0.5cm in diameter and stored at 1°C (9521 % RH). Individual PE
bags had 5 stems of Chineses kale approximately 300 g. The first group was continucusly
exposed to the light under fluorescent lamp (light intensity, 2,000 Luxs), while the second

groups were stored under the darkness.

2.2. Weight loss

Weight loss was recorded at 2-day intervals and calculated as a percentage of the

initial weight.

2.3. Pigment analysis
Carotenoid was determined spectophotomically at 540 nm according to the method of

Georges and Olivers (1993). Briefly, 5 g of Chinese kale leaves was ground with mortar
3



and 15mg of ground powder was then added into 10ml ethanol, Iml 60%
potassium hydroxide and incubated in hot water bath (45-50°C) for 5 min. Subsequently,
the incubated solution was centrifuged at 3500 rpm for 5 min. The supernatant was
collected and the pellet was dissolved in 2ml ethanol and centrifuged with the same
method as mentioned above. The supernatant included 15ml petroleum ether, 20ml of 9%
NaCl was gently shacked by hand and stayed it until separate into two layers.
Carotenoids was then determined spectophotomically at 540 nm.

Chlorophyll content was extracted and determined according to method of Martin et
al. (1999). Leaf tissue (0.5g) of Chinese kale was ground with 30ml of 95% acetone and
filtered through a Whatman No.2. The filtered solution volume was adjusted into 100m|
with 80% acetone. Chlorophyll content was measured spectrophotometically at 645 and
663 nm and calculated as follows: total chlorophyll = 20.2(A645) + 8.02(A0663);

chiorophyll a = 12.7¢(A663) — 2.69(A645); chlorophyll b = 22.9(A645) — 4.68(A663).

2.4 [inzyme assay

Chlorophyllase extraction, 20g of leave blade mixed in 40ml of cold acetone and
ground with mortar. The ground solution kept under the dark condition for 6 hours and
then filtered through filter paper. The pellet (0.8g) consequently soaked in 20ml of 0.03M
potassium phosphate buffer (pH 7.0) and kept under the dark condition at 5°C for 12
hours. Afterward, the incubated solution was centrifuged at 12000 rpm for 20 min. The
supernatant was used for an enzyme activily assay. Chlorophyllase activity was

spectrophotometrically assayed at 663 nm according to method of Shimokawa et al.

(1978).



Peroxidase activity was assayed spectrophotometrically at 436 nin according
to method described by Putter (1974). Leaf tissue (3g) was ground in extraction buffer
including 30mM ethylenediamine, 3mM calcium chloride, 3mM B-mercaptonethanol in
20% glyceral (v/v} with mortar. The extracted solution was filtered through a filter paper
No.2 and centrifuged at 15,000 rpm for 30 min. The supernatant was used for an enzyme
activity assay.

Peroxidase activity assay, the reaction mixture included 4ml enzyme solution, .1 M
potassium phosphate buffer (pH 7.0), 20mM guaiacol and 0.042% H202. Peroxidase
aclivity was assayed spectrophotometrically at 436 nm.

Protein content was measured according to method of Bradford (1976) using bovine

serum albumin as a standard.

2.5 Ascorbic acid determination
Leaf tissue (5g) was ground in 3% metaphosphoric acid with blender and filtered
through a filter paper. The extraction solution was titrated with a standard dye solution

(Rangana, 1978).

2.6 Carbohydrate analysis

Leaf tissue (100g) was blended and the blending paste was subsequently squeezed
with nylon cloth. Then, the solution (10 ml) was centrifuged at 1,200 rpm for 5 min.
Supernatant was filtered to Sepad® filter. For sugar (sucrose, glucose, and fructose)
content determination, 20 pl of filtered solution was injected into high-pressure liquid

chromatography (HPLC) equipped with a refractive index detector and Lichrocart NH2



column. Acetonenitrite in water (90:10) was used as a mobile phase at the flow
rate 2 ml/min (Conard and Palmer, 1976). Starch content was determined with an

Anthron reagent as described by McCready et al. (1950),

2.7 Statistical analysis

Experiments were carried out using 3 replications and each replication had 3 PF

bags. Experiments were repeated twice.

3. Results

Weight loss

Weight loss of Chinese kale leaves stored in the darkness shightly increased, whilc
weight loss of Chinese kale leaves stored in the light rapidly increased throughout the
study period (Fig. 1A). At the end of 10-day experiment weight loss of Chinese kale
leaves stored in the darkness was about |.81% while weight loss of Chinese kale leaves

stored in the light was about 3.92%.

Pigment content

Carotenoid contents of Chinese kale leaves stored in the light and darkness
gradually increased and carotenoid content of Chinese kale leaves stored in the darkness
was more slightly than that stored in the light throughout the study period (Fig.1B).

Total chlorophyll content of Chinese kale leaves rapidly decreased from day 0
to day 2 and slightly decreased thereafter untif day 8 and slightly increased to a maximum

on day 10 and sharply decreased thereafter. However, chlorophyll content of Chinese



kale leaves stored in the darkness was much [ower than that stored in the light
during day 2 and 10 (Fig. 2A).

Chl a content of Chinese kale leaves stored in the light and darkness rapidly
increased from day 0 to day 2 and chl a content slightly increased until day 10 and then
sharply decreased thereafter. While <hl a content of Chinese kale leaves stored in the
darkness slightly tncreased from day 2 to day 4 and decreased to a minimum on day 6,
then slightly increased until day 10 and sharply decreased thereafter. Chl a content of
Chinese kale leaves stored in the darkness was much lower than that stored in the light
during day 2 and day 10 (Fig. 2B).

Chl b content of Chinese kale leaves stored in the light and darkness rapidly
decreased from day 0 to day 2 and slightly decreased until day 10 and rapidly decreased
thereafter. However, chl b content of Chinese kale leaves stored in the darkness was more

shightly lower than that of stored in the light (Fig. 2C).

Enzyme activity

Chlorophyllase activity of Chinese kale leaves stored in the light and
darkness rapidly decreased from day O to day 4 and chlorophyllase activity of Chinese
kale leaves stored in the remained unchanged from day 4 to day § and gradually
increased thereafter. While chlorophyllase activity of Chinese kale leaves stored in the
light slightly increased from day 4 to day 12 (Fig. 3A).

Peroxidase activity of Chinese kale leaves stored in the light and darkness
slightly increased from day 4 to day 10 and rapidly increased from day 10 to day 12.

Peroxidase activity of Chinese kale leaves store (Fig. 3B).

Carbohydrate content



Glucose content of Chinese kale leaves stored in the light slightly increased
from day 0 to day 2 and rapidly decreased to a minimum on day 4 and rapidly increased
to a maximum on day 8 and sharply decreased thereafter. Glucose content of Chinese
kale leaves stored in the darkness fluctuated up and down and reached a minimum on day
6 and rapidly increased to a maximum on day 8 and rapidly decrease thereafter (Fig.
4A).

Fructose content of Chinese kale leaves stored in the light rapidly increased from day 0 to
a maximum on day 6 and sharply decreased thereafter, while fructose content of Chinese
kale leaves stored in the darkness increased from day 0 to day 4 and sharply decreased
thereafter to a minimum on day 6 and rapidly increased to a maximum on day §, then
rapidly decreased thereafter (Fig. 4B). Sucrose contents of Chinese kale leaves stored in
the light and darkness were relatively low and indifferent and slightly changed
throughout the study period (Fig. 4C). Regardless to light and darkness, sucrose content
of Chinese kale leaves was much lower than fructose and glucose contents.

Starch content of Chinese kale leaves stored in the light and darkness rapidly
increased from day 0 throughout day 12 but starch content of Chinese kale leaves stored

in the light increased more rapidly than that stored in the darkness (Fig. 5A).

Ascorbic acid content
Ascorbic acid content of Chinese kale [eaves stored in the light and darkness
steadily decreased but ascorbic acid content of Chinese kale leaves stored in the light

decreased more rapidly than that of stored in the darkness (Fig. 5B).

4. Discussion



Weight loss is a problem of mostly leafy vegetables after harvest due to
transpiration resulting in wilting (Ref). Temperature and relative humidity are main factor
environmental factors controlling weight loss of commodities during storage (Ref).
Weight loss of Chinese kale leaves stored in the light was significantly greater than that
stored in the darkness. This should not be due to temperature and relative humidity
because Chinese kale leaves stored in the same temperature and relative humidity under
lhis experimental condition. Weight loss of leafy vegetables occurs mostly via stomata
(Ref). Number of opening stomata of Chinese kale leaves stored in the light was
significantly greater than that stored in the darkness resulting in more transpiration via
opening stomata and thus increasing greater weight loss. This also indicated that light
stimulated opening of stomata of Chinese kale leaves (Ref). Especially, blue tight caused
greater stomatal opening than red light (Lurie, 1978).

Total chlorophylls decreased concomitant with an increase in chl a and a decrease
in chl b. This suggested that chl b was more degradable than chlorophyll a. The
breakdown of chl b requires conversion of chlorophyll b to chlorophyil a before
breakdown to colorless products, This conversion has been demonstrated convincingly in
barley leaves (Scheumann et al., 1999) and cucumber cotyledons (Tanaka et al., 1995).
Therefore, increased chl a was not only due to the light stimulation but also due to the
conversion of chlorophyll b to cbl a. Chl a increased and the amount was many times
higher than chlorophyll b while total chlorophyll still decreased, suggesting that
decreased total chiorophylls was mainly due to a breakdown of ch! b. This indicated that
most total chlorophyll remaining was largely shared by chl a. Chl a increased more
rapidly in the light than in the darkness. This indicated that light stimulated chlorophyll a
synthesis while the darkness stimulated chl b breakdown. Total carotenoids of Chinese

kale leaves increased in the presence of light and darkness. This indicated that light is not

9



essentlal for their accumulation. However, it was found that carotenoid
biosynthesis in pepper leaves was completely stalled under dark condition (Simkin et al.,
2003).

Chl b decreased concomitant with a decrease in chlorophyllase activity. This
suggested chlorophyllase may not involve in the breakdown of chlorophyll b. Peroxidase
activity has been reported that can catalyse the breakdown of chlorophylls (Yamauchi
and Minamide, 1985; Yamauchi and Hashinaga, 1992). But peroxidae activity started to
decrease on day 6 while chl b rapidly decreased on day 0 to day 2. This indicated early
breakdown of chlorophyll b was not due to peroxidase. In addition to chlorophyllase and
peroxidase, other systems such as Mg-dechelatase have been reported (Kunieda et al.,
2005). Therefore, chlorophyll breakdown of Chinese kale leaves may involve with
systems other than early chlorophyllase and peroxidase. Chl a and b rapidly decreased on
day 10 to day 12 concomitant with a rapid increase of peroxidase activity on day 10 to
day 12 while clorophyllase activity remained unchanged. This indicated that breakdown
of chl a and b during from day 10 to day 12 was mainly due to peroxidase.

Green Jcafy vegetable like Chinese kale is a rich source of ascorbic acid (Gupta, et al.,
2005) and ascorbic acid is perhaps only a vitamin in leafy vegetable easily lost after
harvest. Ascorbic acid in Chinese kale stored in the light and darkness continued to
rapidly decrease throughout the study period even though stored at 1°C but more drastical
decline in the light, suggesting that light catalized more oxidation of ascorbic acid than
the darkness. Peroxidase can catalize oxidation of ascorbic acid (Chinoy et al.,1984).
However, peroxidase activity in Chinese kale did not increase until day 6 and rapidly
increased on day 10 to day 12, while ascorbic acid started to decrease on day 0 until the

end of study period. Yet peroxidase activity in Chinese kale stored in the darkness was
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higher than that of stored in the light. This suggested that peroxidase is not
involved in the ascorbic acid loss of Chinese kale stored in the light and darkness.

Since ascorbic acid is synthesized from a hexose precursor (Smirnoff and Pallanca,
1996). There has been reported light enhancing ascorbic acid biosnythesis in spinach
leaves and the role of light related to the control of ascorhic acid pool size due to the
increased avatlability of carbohydrates, especially that of glucose, could then contribute
to the control of ascorbic acid pool. Indeed, starch and glucose contents in Chinese kale
were higher in the light than in the darkness. But ascorbic acid in Chinese kale decreased
more rapidly in the light than in the darkness. This suggested that higher carbohydrate
content can not delay the loss of ascorbic acid.

The main enzyme for the oxidation of ascorbic acid is ascorbate oxidase
(Fatibello-Filho and Vieira, 2000). Light probably increase this enzyme resulting
oxidation of ascorbic acid, thus reducing more loss of ascorbic acid in Chinese kale. This
need further study.

Starch accumulation rapidly increased in the presence of light and darkness. This
indicated that light is not essential for its accumulation even though light stimulated the
accumulation. Light probably increased starch accumulation via photosynthesis. Starch
can be degraded into sugars. Glucose and fructose contents increased and were greater in
the light than in the darkness while sucrose contents were comparable in the light and
darkness. This suggested that turnover of starch was slow because its accumulation was

greater than its degraded.
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Table 1. Number of opened and closed stomata of Chinese kale leaves under light ang

darkness conditions during storage

Day Light Dark
Number of slomata Numbsr of stomata
Opened Closed Opered [ Closed
0 16.33 1.67 16.33 { 2
2 15.33 1.67 1 15.33
4 13.67 ] 1.33 10
- 6 26.33 0 1 : 10.33
8 21.33 0.33 1 11
10 25.67 0 2 12.37

P 2 .
MNote: Number of stomata counted frary 020 X 0.32 mm” leaves a i undar microscope (rdata were

collented from 3 replications)
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Legends to Figures

Fig. 1 Weight loss (A) and carotenoid content (B) of Chinese kale leaves stored under light
{ -®-)anddarkness ( ~H- ) conditions at low temperature. Means are the average

of 3 replications * SE.

Fig. 2 Totai chlarophyll (A), chlorophyll a (B} and chlorophyll & (B) of Chinese kale leaves slorad
under light { ~®- ) 2nd darkness ( ~l- ) conditions al low temperature. Means are the

average of 3 replications 1 SE.

Fig. 3 Activities of chiorophyllase (A) and peroxidaes {B) of Chinese kale leaves stored under
light{ -®@~ )and darkness { ~M- ) conditions at low lemperature. Means are the

average of 3 replications 32 SE.

Fig. 4 Sucrase {A), fructose (B) and glucose (C) content of Chinese kale leaves stored under light
( -®- )anddarkness ( ~M- ) conditions atl low temperalure. Means are the average

of 3 replications & SE.

Fig. 5 Starch{A) and ascorbic acid (B) content of Chinese kale leaves stored under light (| - @-)
and darknass { —-B- ) conditions at iow temperature. Means are the average of 3

replications = SE.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Abstract

Banana fruit (Musa cavendisiii [Musa acuminata)] AA Group cv. Sucrier) were placed in {rays and held at 29-30°C. Covering
the trays with *Sun wrap’ polyviny] chloride film prevented the early senescent peel spotlung, typical for this cullivar. Carbon
dioxide and ethylene concentrations within the packages increased, bui inclusion of ¢arbon dioxide scrubbers or ethylene ab-
sorbents, which considerably affected gas composition, had no effect on spotting. Experiments with continuous low oxygen
concentrations conlirmed that the efTect of the package was mainly due te low oxygen. Relative humidity was higher in the pack-
ages but this had no eflect on spolling. The positive effect of modified atmosphere packaging on peel spolting was accompartied
by reduced in vitro phenylalanine ammonia lyase (PAL} aclivity in the peel, and by an increase of in vitro polyphenol oxidase
(PPO; calechol oxidase) activily, We conclude thal senescent spolling of banana peel requires rather high oxygen levels. it is not
known which reaction becomes limiting for spolting, at fow oxygen levels, Whatever the mechanism, the increase of in vitro
PPO activity apparcntly shows an increase i potentially active protein.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Banana; Catecho! oxidase; Musa; Phenylalanine ammonia lyase; Polyphenol oxidase; Senescent spotting; Tolal frec phenolics

1. Introduction may then overlap to form larger patches, they becorne

dark brown or even black, and form sunken pits on the

Senescent spotting of the banana peel is a physie-
logical postharvest disorder. Initially, some very small
brownish spots are found locally. Subsequently, such
spots are observed all over the peel, and their num-
ber, intensity of browning, and size increase. The spots

* Corresponding author. Fax: +66-2-579195.

E-mail address: aprsck@iku.ac.th (S. Ketsa).

! Present address: Lahoratory of Postharvest Technology, Thai-
land Institute of Scientific and Technological Research, Bangkok
10900, Thailand.

surface. Little is known both about the origin of this
disorder and about its physiological mechanism (New
and Marriott, 1974; Liu, 1976; Marriott, 1980; Valdez
and Mendoza, 1988, Ketsa, 1996, 2000). A foew exper-
iments showed that film wrapping reduced the disor-
der (Ketsa, 1996, 2000; Valdez and Mendoza, 1988),
but it has remained unclear why this was so.

In most cultivars, senescent spotting occurs late with
respect to pulp softening. However, in a few important
cultivars, this disorder occurs as soon as the fruit has
become more yellow than green, a stage that coincides

0925-5214/8 ~ see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/.postharvbio. 2003.07.041
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with good taste and aroma of the fruit flesh. Con-
sumers that are unfamiliar with these cultivars may re-
ject the produce as they believe it is too mipe or infected
{Marriott, 1980; Lizada et al., 1990; Ketsa, 1996).

The relations between senescent peel spotting and
the concentration of free phenolics in the peel, or be-
tween spotting and the activities of phenylalanine am-
monium lyase (PAL} and polyphenol oxidase (PPO;
catechol oxidase) have apparently not been reported.
Browning is common in plant tissues and usually
brought about by free phenolic compounds (Mayer
and Harel, [979; Rhodes et al., 1981). The synthesis
of free phenolics can start with deamination of pheny-
lalanine by PAL (EC 4.3.1.3), thereby producing
trans-cinnamate, a monophenol. Independently, PPO
{catechol oxidase; EC 1.14.18.1 and EC 1.10.3.1} can
convert monophenols to diphenols (monophenolex-
idase activity) and it can further oxidize diphenols
{diphenolexidase activity). PPQO, for example, con-
verts monophenols to dopachrome, which is at the
beginning of the cascade leading to brown pigments,
and 1t further catalyses the oxidation of dopachrome to
quinones. The latter polymerize nonenzymatically into
brown pigment (Hanson and Havir, 1979; Macheix
et al., 1990). Although this needs to be established,
peel spotting in banana may also follow this pathway.

We used ‘Sucrier’ bananas, a cultivar widely grown
in Thailand, since it has a sertous problem of early
senescent spotting. Preliminary studies showed that
senescent spotting in this cultivar was considerably
reduced if the fruit were wrapped in plastic. The
purpose of this study was, therefore, to examine the
effect of film wrapping on the incidence of spot-
ting, and the role of the modified gas composition
within the package. We also studied the relationship
between peel spotting and the activities of PAL and
PPO, and with the levels of total free phenolics in the
peel.

2. Materials and methods

2.1, Plant material and assessment of senescent
spotling

Each batch in the experiments consisted of three
hands of banana fruit, which were the unit of replica-
tion. Each hand consisted of two layers of fruit. For

analysis only the middle, larger, fruit were selected.
From each hand, 10-15 fruit were taken at random for
visual mspection and for measurements,

‘Sucrier’ bananas (Musa cavendishii [Musa acumi-
nata] AA group; locally lmown as ‘Kluai Khat'
(Valmayor et al,, 2000)) were harvested at commer-
ctal maturity from a plantation in Petchaburi province
{Western Thailand). Bunches were cut in hands and
transported to the laboratory in corrugated cardboard
baxes, within 2h of harvest. In the laboratory, hands,
after selection for uniformity of size and color, were
cleaned in a solution of 0.5% MgS0y4 to remove la-
tex from the cut surface. Bananas were then dipped
for 2-3 min in 500 pgml™" thiabendazole solution to
control fruit rot, and were allowed to dry before dip-
ping for [-2 min in 500 i1~ ethephon to ripen them
uniformly. After this dip, they were dried at ambiemt
temperature (29-30°C) and left to ripen at that tem-
perature. Bananas were ripened until reaching color
index 3—4 (Lizada et al., 1990} for further experimen-
tation. At color index 3, the pecl is more green than
yellow and at color index 4 it is more yellow than
green.

Hands of bananas were randomly sampled for de-
termunation of senescent spotting on the banana peel
using a scale of 14 where | means no development
of senescent spotting and 4 is severe senescent spot-
ting. In more detail; score l—peel vellow without
spots; score 2—the surface is a little darker yellow,
some brownish spots cccur, small as the point of a
needle; score 3—spots found all over the surface,
their number, intensity of browning, and size (now
up to 0.5-1mm) increasing, most spots still sepa-
rated; and score 4—size of the spots increase, they
sometimes overlap into larger patches, spots become
darker, or are even black, and form sunken pits on the
surface.

2.2. Wrapping

Individual hands of bananas were randomly placed
on a polystyrene tray (15cm x 25¢m x 3cm) and
wrapped with *Sun wrap’ PVC film (Keorea Plastic In-
dustry Cooperative, Seoul, South Korea} over the ba-
nanas and the tray. The film was 12.5 um thick, had a
permeance to water vapor of 1.33 nmols~! m=2 Pa~!
and to oxygen and carbon dioxide of ¢.031 and
0.066 nmol s~ m—2pa!, respectively.
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Bananas with and without PVC film were kept at
ambient temperature (29-30 °C) and relative humidity
(67-69%). Ethylene absorbents were made by soaking
pieces of chalk (0.70 cm diameter and 0.5 cm thick-
ness) in saturated potassium permanganate solution;
50 g of the dried material was placed in a perforated
polyethylene sachet, and one sachet was used per tray.
Small paper bags filled with 30 g of calcium hydrox-
ide served as carbon dioxide scrubbers, using one bag
per tray.

2.3, Determination of ethylene, carbon dioxide
and oxvgen

Concentrations of ethylene, carbon dioxide and
oxygen within the packages were measured by sam-
pling through the PVC film with a syringe. The sam-
ples were injected into a gas chromatograph equipped
with a flame ionization detector (Shimadzu, Kyoto,
Japan} for ethylene and a thermal conductivity de-
tector (Shimadzu, Kyoto, Japan) for carbon dioxide
and oxygen, Holes in PVC film were sealed with tape
between the sampling dates. Gas concentrations are
expressed in Pa.

2.4. Oxygen treatment

Banana hands were individually held in sealed plas-
tic contatners in air (21 kPa oxygen), 5, 10 and 15kPa
oxygen (balanced by nitrogen}, with a flow-through
system. These treatments will be referred to as 5, 10,
15 and 21% oxygen. Bananas were randomly sampled
for determination of senescent spotting, activities of
PPO and PAL and total phenolics, which was done as
mentioned below.

2.5, Effect of velative humidity

Control bananas were held in open plastic baskets
at room temperature. Other hands of bananas were
placed on foam trays wrapped with ‘Sun wrap' PVC
film. A comparison was made using 0 and 500 g of
silica gel inside the packages, using three replications.
The silica gel was renewed daily. To compare low and
high relative humidity (RH) in unwrapped produce,
two hands of bananas were placed ina 20 litters closed
plastic container, which was connected with a flow of
normal air at 125 ml/min. Data loggers were placed

in the PVC wraps and plastic containers to moni-
tor both RH and temperature over the 7 days study
period.

2.6, Extraction and assay of PAL and PPQO; total
[free phenolic cont-nt

Extraction and assay of PAL was carried out as de-
scribed by Camm and Towers (1973). Briefly, frozen
tissue (1:10, w/v) was homogenized in 95% cold ace-
tone, filtered, extracted again in cold ethanol, and fil-
tered again. Acetone powder was dried in a desiccator,
and 500 mg was added to 50 mli of cold 0.2 M sodium
berate buffer at pH 8.8. The beaker was shaken for
30min in a cold room. The suspension was fittered
and centrifuged. During the preparation of the enzyme
extract, the temperature was kept at 4°C. The assay
medium contained 1.5 ml of enzyme extract, 2 ml dis-
tilled water and 1ml of 10mgml™" phenylalanine.
The mixture was incubated at 37°C for 1 h. The reac-
tion was stopped by adding 0.5ml of 5N HCI. PAL
activity was determined by measuring absorbance at
290 un. One unit of PAL activity was defined as the
change in absorbance per ml enzyme extract.

PPO was extracted and assayed using the method
of Luh and Phithakpol (1972). Briefly, the extraction
method was the same as that of PAL, except that 0.1 M
citric buffer at pH 6.2 was used instead of the borate
buffer. The assay medum contained 10 ml of enzyme
extract and Sml of 0.1 M catechol. PPO activity was
determined by measuring absorbance at 420 nm. One
unit of PPO activity was defined as the change in ab-
sorbance after 1 min of measurcment, per ml enzyme
extract,

Protein content in the enzyme extracts was esti-
mated using the Bradford (1976) method. Specific ac-
tivity of the enzyme was expressed as units per mg
protein,

Total free phenolic content was estimated colorimet-
rically, using the method described by Singleton and
Rossi (1965). Briefly, frozen tissue was homogenized
in ethanol, filtered and centrifuged. The compounds
reacted with Folin Ciocalteau reagent, and were de-
termined photometrically.

Each treatment had five replications, and each repli-
cation consisted of the whole peel from 10-15 fruit,
pooled together. Determinations of enzyme activity
were made twice in each extract.
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2.7. Statistical analysis

[n the tests on visible scores, three replications (each
consisting of a hand of fruit) were used in each treat-
ment. Individual fruit were evaluated daily for senes-
cent spotting. Means were compared using Duncan’s
multiple range test (DMRT).

3. Results
3.1. Development of senescent spotting

At the onset of the packaging experiments the fruit
had ripened to stage 3-4 (i.c. they were about 50%
green and 50% yellow) and showed no senescent
spotting, In control bananas (no PVC film) senescent
spotting rapidly increased from day 2 to day 4. The
‘Sun wrap’ film completely prevented peel spotting
during the 6 days of the experiments (Fig. 1A), and
in a repeal experiment it almost completely did so.
Upon removal of the *Sun wrap’ film, following 3
days of holding the bananas in the package, senescent
spotting developed more rapidly than in fruit that was
kept in the package. The increase was largest on day
one after film removal {results not shown).

Inclusion of absorbers for carbon dioxide and ethy-
lene in the packages did not affect senescent spot-
ting (Fig. 1A). Holding the bananas in an atmosphere
containing 5% oxygen effectively reduced senescent
spotting, while an atmosphere containing 15% oxy-
gen was not significantly different from the control
bananas held in air (Fig. 2).

3.2. Atmospheric composition within the packages

Oxygen concentrations within packages containing
bananas and covered with ‘Sun wrap’ rapidly de-
creased from about 18% on day 0 to about 5% on day
2 {(Fig. 1B). Carbon dioxide concentrations within the
packages increased from about 1% on day 0 10 a max-
imum of about 6% on day 2, and slowly decreased
thereafter (Fig. 1C). Ethylene concentrations within
the packages increased to about 0.08 Pa on days 0-2
(Fig. 1D).

The inclusion of a serubber (caleium hydroxide) for
carbon dioxide or an absorbent (potassium perman-
ganate) for ethylene did not affect the oxygen concen-
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Fig. 1. Senescent spotting (A} of bananas withow PVC firm (O),
and with “Sun wrap® (&), "Sun wrap® 4 carbon dioxide scrubber
(CS) (W}, *Sun wrap® + ethylene absorbent (EA) (00}, or 'Sun
wrap’ + CS 4 EA ([J). Oxygen (B), carbon dioxide (C) and ethy-
lene () within "Sun wrap’ packages containing banana withoul
CS + EA (®) ‘Sun wmp' with CS (H), 'Sun wrap' with BA
(<) and Sun wrap' with CS + EA (A). Data are means of three
replicatons £ S.E.

trations within the “Sun wrap’ package (Fig. 1B). The
carbon dioxide scrubber prevented the build up of car-
bon dioxide within the packages, at least until day 4
(Fig. 1C), whilst the ethylene absorber considerably
reduced the ethylene concentrations within the pack-
age (Fig. ID). The carbon dioxide scrubber reduced
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the ethylene concentrations on day 4, but this may be
an anomalous result (Fig. 1D).

3.3, Effect of relative humidity

As compared to controls, PVC wrapping will in-
crease the RH, depending on the permeability for wa-
ter vapor of the film. We tested the effect of RH on
senescent spotting by adding silica gel within the pack-
ages wrapped with ‘Sun wrap’ PVC. This reduced the
RH to levels similar to that around unwrapped pro-
duce. The average RH at room temperature was 75%.
RH within PVC wrap with and without silica gel was
77 and 93%, respectively. Unwrapped fruit showed
serious senescent spotting, whereas almost no spot-
ting was observed in PVC-wrapped frnut (results not
shown). We also increased the RH around unwrapped
produce. Fruit was placed in a closed container con-
nected with ambient airflow. RH n the container was
99-100%. Bananas in the container had serious senes-
cent spotting. The brown spots on these fruit seemed
larger than in bananas held at lower RH (results not
shown).
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Fig. 3. Activities of phenylalanine ammonia lyase (A), and
polyphenol oxidase (B), and levels of total phenolic compounds
{C) in banana peel without PVC film (O, with *Sun wrap’ film
(®). Data are means of five replications + S.E.

3.4. Activities of PAL and PPO, and levels of 1otal
free phenolics

The PAL activity in the peel of bananas in ‘Sun
wrap’ PVC was lower than that in the peel of the con-
trel (Fig. 3A; all data points except day O were sta-
tistically different from the control; P > 0.05). The
peel PPO activity of control bananas was variable,
and gradually increased (Fig. 3B) or, in a repeat ex-
pertment, stayed about constant (results not shown).
The PPO activity in the peel of bananas wrapped with
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fitm increased more rapidly than that in contrel fruit
(Fig. 3B; all data points except day 0 were stafisti-
cally different from the control; P > (.05). The level
of total free phenolic compounds in the peel of con-
trol fruit increased, just the same as in peel of bananas
wrappe-L in film (Fig. 3C). Upon removal of the film,
PAL activities of banana peel increased again to val-
ues that were similar to the ones found in unpacked
controls. In contrast, removal of the film resulted in a
decrease of PPO activity (results not shown).
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Fig. 4. Actvities of phenylalanine ammaonia Iyase (A) and polyphe-
nol oxidase (B), and levels of total phenolics (C) in banana pezl
hetd in air (OY and 5% O (M. Data are means of five replica-
tons & S.E.

PAL activity of banana peel held under 5% oxygen
decreased throughout the study period and remained
lower than that in controls held in normal air (Fig. 4A;
all data points except day (b were statistically different
from the control; P > 0.05}). PPO activity in peel of
bananas held at 21% oxygen did not change whilst that
at 5% oxygen increased (Fig. 4B; data points of days
4 and 6 were statistically different from the control;
£ = 0.05). Oxygen at 15% had a small effect on PAL
and no effect on PPO activity, and 10% oxygen had an
effect on PAL similar to that of 15%, but it stimulated
PPO activity relative to controls (results not shown).
Total free phenolics in peel of bananas held in normal
air and low oxygen levels increased, and differences
between the treatments were {(with the exception of
day 4) not significantly different (Fig. 4C).

4, Inscussion

We observed that ‘Sucrier’ banana that were stored
in trays wrapped with ‘Sun wrap’ PVC film had much
less senescent spotting. Since this effect was found at
vartous concentrations of ethylene and carbon dioxide,
1t was apparently mainly due to the decrease in oxy-
gen levels. Results from fiuit held in controlled atmo-
spheres confirmed the requirement of more than about
5% oxygen for the development of senescent spotting.

Our results are reminiscent of ‘Bungulan’ bananas,
where senescent spotung covered about 50% of the
peel after 4 days of storage at 21% oxygen, whereas
after 4 days of storage at 5% oxygen spotting covered
about 30% (Valdez and Mendoza, 1988). Senescent
spotting in ‘Sucrier’ bananas thus seemed even more
sensitive to decreased oxygen levels, since it was com-
pletely suppressed when oxygen rcached about 5% on
day 2 (Fig. 2).

The oxygen requirement of browning may lie with
several enzyme reactions. Both PAL and PPO reac-
tions require oxygen, and some of these may have a
relatively high Km for oxygen (Penalver et at., 2002).
PAL is a regulatory enzyme at the onset of reactions
that produce free phenolics. Shirsat and Nair (1981)
showed that 5% oxygen in excised potato parenchyma
tissue inhibited PAL activity, due to an inhibition of
de novo PAL synthesis, The low oxygen concentra-
tion apparently first resulted in inhibition of cinnamic
acid-4-hydrolase, (a mixed-function oxidase} which
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resulted in accumulation of cinnamic acid. The latter
accumulation seemed the signal for low PAL synthe-
s15. The present inhibition of PAL activity, under low
oxygen levels, may be due to a similar mechanism.
Whether this would be adequate for the inhibition of
browning is, however, unclear. Besides cinnamic acid,
other phenolics in the phenylpropanotd pathway can
also inhibit PAL activity (Biount et al.,, 2000; Camm
and Towers, 1973; Shirsat and Nair, [981). Although
we found no effect of low oxygen on total free pheno-
lics, it is unclear if cinnamic acid or ancther phenolic
did accumulate in the present tests.

PPO (catechol oxidase) is required in least at two
late reactions that lead to browning: the conversion
of dopachrome to 5,6-dihydroxyindole, and the con-
version of the latter to indole-5,6-quinone, Both are
diphenoloxidase reactions of PPO. The enzyme is also
invelved in several reactions leading to dopachrome,
most of which are diphenoloxidase reactions, In
mushrooms, the Km of PPO for oxygen was low
{about 2 M) for the monophenoloxidase reactions,
but high (40-100 uM) for diphenolexidase reactions
(Espin et al., 1999). Browning of cut potatoes and
apples is inhibited by placement of the parts in water,
in which the diffusion rate of oxygen is slower than
in air, but where the oxygen concentration is consid-
erably higher than 0. The effect of low oxygen on
browning in such systems is often attributed mainly
to PPO (Hyodo and Untari, 1966; Martinez and
Whitaker, 1995). Finally, oxygen is required at the
{nonenzymatic) polymerization of indole-5,6-quinone
to melanin. The oxygen concentration required for
this reaction has apparently not been reported.

The measured in vitro PPO activity was not posi-
tively related with senescent spotting in ‘Sucrier’ ba-
nana, but rather was inversely proportional to spotting
(Figs. 3 and 4). Removal of the PVC film from banana
trays after 3 days in the packages, and transferring
them to normal air, resulted in an increase in senes-
cent spotting. The increase was highest on the first day
following film removal. This was related to a decrease
of in vitro PPO activity, again showing an inverse re-
lation between browning and in vitro PPO activity.

The lack of a positive relation between spotting
and in vitro PPO activity can be interpreted along
two lines. First, assuming that PPO 1s involved in the
browning reaction, its activity may not be rate lim-
jting. PAL, peroxidase, or other enzymes may limit

the reaction rate. In lychee pericarp, for example,
browning was related to the activity of both PPO and
peroxidase (Underhill and Critchley, 1995). However,
this interpretation does not account for the increase
of in vitro PPO activity when spotting was reduced
by low oxygen temston. The second interpretation
might account for this effect. On this interpretation,
the measured in vitro PPO activity does not reflect
in vivo activity. PPO may well be inhibited, in vivo,
by low oxygen concentrations, but in vitro measure-
ments, where ample oxygen is present, will not show
this. If this is true, the increase of in vitro activity, be-
ing a measure of potentially active protein, indicates
a feedback mechanism whereby more active protein
is produced in the face of PPQ inhibition,

When 5% oxygen was combined with 3% carbon
dioxide, peel spotting in ‘Bungulan’ bananas was fur-
ther reduced (Valdez and Mendoza, 1988). Previous
research with ‘Sucrier’ fruit indicated that a combina-
tien of about 19% oxygen and 2.5% carbon dioxide
inhibited spotting on day 3, if fruit were held at am-
bient temperatures (Ketsa, 1996). This indicated that
elevated carbon dioxide concentrations were effective
at oxygen concentrations close to 21%. In the present
tests, where spotting was completely prevented by
oxygen concentrations of about 5%, the concomitant
increase in carbon dioxide concentrations apparently
had little effect. This conclusion follows from the ab-
sence of an effect of carbon dioxide scrubbing {Fig. 1).

Additionally, continugus high concentrations of
ethylene (10%) may reduce banana peel spotting (Liu,
1976). In our tests, ethylene levels increased in the
packages to 0.8 Pa (about & pl17!). This apparently
had little effect in addition to the low oxygen level,
as shown by the absence of an effect of reducing
the ethylene concentration (to about 0.4 Pa) in the
package after inclusion of an absorbent (Fig. 1).

Our experiments showed that the high RH around
the PVC-wrapped product was not the cause of the
reduction of senescent spotting, The spotting also oc-
curred when the RH in the packages was held at am-
bient levels, and was not reduced when the RH was
increased under conditions where the gas composition
was not changed. Spotting thus occurs irrespective of
RH, at the range of RH investigated (75-100%).

The presently investigated senescent spotting even-
tually covers most of the peel surface, thereby results
in rather large pits, and browning of most of the peel.
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In several other cultivars, senescent spotting, 1f it oc-
curs, and the subsequent browning of the whole sur-
face, happens at a much later stage with respect to pulp
ripening. When the fruit is overripe, the peel of stll
other cultivars turns dark brown, at room temperature,
without senescent spotting. This browning is not ac-
companied by the presence of pits on the peel surface.
The activity of PAL has apparently not been reported
in bananas that show late browning without senes-
cent spotting. The in vitro activity of PPO—when ex-
pressed per unit FW or per fruit—has been reported to
stay about constant (Geoding et al., 2001), and when
expressed per urut protein {taken from our own data)
there seems also little change (unpublished results).
This is in contrast with the increase in PPO activity
during senescent spotting,

Another type of browning occurs in fruit held below
12-14°C, as a result of chilling injury. At such low
temperatures, the peel becomes grey-brown rather
than dark brown. We found that chilling-induced
browning in banana peel is accompanied by in a con-
certed increase of the in vitre activities of both PPO
and PAL (Nguyen et al., 2003). Senescent spofting,
in contrast, was not accompanied by an increase of in
vitro PAL activity.

The three types of banana peel discoloration (senes-
cent spoiting, normal browning at room temperature,
and greyish browning at chilling temperatures) there-
fore, seem to be accompanied by a different combina-
tion of in vitro PAL and PPO activity.

We conclude that senescent peel spotting In
‘Scurier’ bananas requires relatively high oxygen
concentrations, as it 15 virtually inhibited by 5% oxy-
gen. It is unclear where low oxygen tension exerts its
effect. Oxygen is required at least for the final step
in the browning reaction, i.¢. the nonenzymatic poly-
merization of indole-5,6-quinone to melanin, and for
PPQO (catechol oxidase) activity. We hypothesize that,
among ather enzymes, in vivo PPQ activity may be
inhibited and that the increase of in vitro PPO activity
under low oxygen indicates an increase in petentially
active enzyme.
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Abstract

We studied the effect of relative humidity (RH) and gas composition on
scnescent spotting in banana cv. Sucrier (Musa acuminata AA Group). Fruit that
had ripened to colour index 3-4 (about as much ycllow as green) were placed in
polystyrene trays and wrapped with polyvinyl chloride (PVC) film, with and without
inclusion of silica gel, and then held at 29-30°C. Senescent spotting of banana fruit in
the packages (both with and without silica gel) was absent, whereas much spotting
occurred in unwrapped fruit. Oxygen concentrations in the packages were much
[ower than in outside air, whereas concentrations of carbon dioxide and ecthylene
were higher than in air. In another experiment the fruit was placed in closed plastic
containers connected to an air-flow system, with and without air drying over silica
gel. Sencscent spotting was much lower at lower RH (about 60% compared to 95-
100%). The oxygen concentrations in both systems were similar, but a higher carbon
dioxide and ethylene concentration was found in at the low RH. It is concluded that
differences in RH in the range of 70-95% are not important if oxygen concnctrations
are low enough to prevent spotting, whereas a RH lower than 60% was correlated
with reduced spofting when oxygen levels remain at 21%. The reduced spotting at
60% RH also coincided with a somewhat lower carbon dioxide and ethylene
concentration, so that it is not completely clear if the effect must be attributed to R
alone.

INTRODUCTION

Senescent spots on the banana peel normally develop during the latter phase of
ripening. In most cultivars, the spots appear when virtually the whole peel is yellow (only
the tip may still be green). At this stage, senescent spots are very small, like pins, light
brown in colour. The spots gradually increase in stze and number, and become dark
brown as the fruits ripen. Little is known about the origin of this disorder and about its
physiological mechanism (New and Marriot, 1974 ; Chochom et al., 2004).

A few cultivars, for example Sucrier, show spotting already when the peel is as
much yellow as green, thus earlier than most other cultivars. Film wrapping reduced the
disorder (Valdez and Mendoza, 1988; Ketsa, 1996; Choehom et al., 2004). Film wrapping
affects gas concetrations as well as relative humidity (RH). We now studied the effects of
relative humidity in packed banana fruit, by including silica gel.



MATERIALS AND METHODS

Plant material

‘Sucrier’ banana (Musa acuminata AA Group) frutts; locally known as ‘Kluai
Khai’, were harvested at commercial maturity from a plantation and transported to the
laboratory within 2 h of harvest. After selection for uniformity of size and colour, hands
were cleaned in 200 pg L™ chlorine (Clorox) and allowed to dry before dipping for |-2
min in 500 uL L™ ethephon for uniform ripening. After this dip, fruit were dried at room
temperature (29-30°C) and then held in a ripening at room 25°C (85-90% RH) until
reaching a colour index 3-4. At this stage, the fruit showed no spotting.

Silica gel trcatment

Experiment . Individual banana hands were randomly placed on a polystyrene
tray (15 cm x 25 cm x 3 ¢cm) and wrapped with PVC film over the f{ruit and the tray. The
trays were held at 25°C. Low RH in the ‘Aro’ PVC film (Quickpack Pacific, Thailand)
packages was maintained by inclusion of silica gel, which was changed every 24 h. Data
logpers were placed inside the packages to monitor both RH and temperature during the 7
days of study. The control banana fruits remained unwrapped.

Experiment I1. Two banana hands were held in a closed plastic container at 25°C.
The containers were connected with a flow of air with 100% RH at 125 mL/min. A lower
RH in the containers was maintained by inclusion of silica gel, which was changed daily.
Data loggers monitor RI and temperature over the 7-day study period.

Assessment of sencscent spotting

Each batch in the experiment consisted of two hands of banana fruit, which were
the unit of replication. From each hand, 10-15 fruits were taken at random for visual
inspection of senescent spotting using a scale of 1-5 where 1| means no spotting and 5
severe spotting.

Determination of ethylene, carbon dioxide and oxygen

Concentrations of ethylene, carbon dioxide and oxygen in the PVC packages and
plastic containers were measured by sampling through the PVC film and a sampling port,
respectively. The samples were injected into a gas chromatograph equipped with a flame
jonization detector for ethylene and a thermal conductivity detector for carbon dioxide
and oxygen.

Statistical analysis

In the tests on visible scores, three replications (each consisting of two banana
hands) were used in each treatment. Individual fruits were evaluated daily for senescent
spotting. Means were compared using Duncan’s multiple range test (DMRT).

RESULTS

Experiment 1.



In unwrapped banana senescent spotting rapidly increased from day !, and
reached a maximum on day 5 (Fig. 1A). In contrast, fruit in the PVC packages did not
show senescent spotting (Fig. 1A).

RH in the packages without silica gel was initially about 90%, reached about 98%
on day I, and remained at that level until day 7. RH outside the packages and inside the
PVC packages with silica gel was initially about 63-64% and gradually increased to about
76-78% at the end of experimentation (Fig. 1B). The temperatures were not different (27-
28°C mitially, slightly increasing to 29-31°C at the end of experimentation (Fig. 1C).

The oxygen concentrations inside the PVC packages with and without silica gel
was about 4-5%, »vhile the oxygen concentration outside the packages was 20-21% (Fig.
2A). The carbon dioxide concentrations in the PVC packages were initially about 7-8%.
They slightly decreased to 6.0-6.3% at the end of experiment. Carbon dioxide
concentrations outside the PVC film packages were ambient (close to zero on the present
scale) (Iig. 2B). Ethylene concentrations in the PVC packages gradually increased from
3-4 to about 6 pL L7 at the end of experimentation. The ethylene concentrations outside
the PVC film packages remained close to zero (Fig. 2C).

Experiment I1.

Banana fruit in the plastic containers with silica gel did not show senescent
spotting during the first 4 days of the experiments, and slight increased spotting by day 5.
In contrast, {ruit in containers without silica gel showed a rapid increase in spotting from
day 2, to a maximum on day 5 (Fig. 3A).

RI in the containers without silica gel reached 100% within 24 h after the start of
the experiment and then remained stable. RH in the containers with silica gel sharply
decreased from to 43% within 48 h and shightly increased thereafter (Fig. 3B). the
temperatures in the plastic containers were initially about 27°C, reached 30-31°C on day
2, and remained unchanged thereafter (Fig. 3C).

Oxygen concentrations in plastic containers slightly increased and were not much
different between the treatments (Fig. 4A). The carbon dioxide (Fig. 4B) and ethylene
(Fig. 4C) concentrations in the containers without silica gel were considerably higher than
in the containers with silica gel.

DISCUSSION

The senescent spotting was considerably reduced by PVC wrapping. As
previously reported {Chochom et al., 2004), this suggests that senescent spotting requires
rather elevated oxygen levels. These experiments indicated that oxygen levels needed to
be higher than 5%. Carbon dioxide and ethylene levels in the packages increased, but
these apparently had no effect, in the presence of low oxygen levels. We previously also
demonstrated that both carbon dioxide and ethylene released by banana fruit in PVC
packages had little effect on senescent spotting (Choehom et al., 2004).

Low RH in the packages did not affect senescent spotting. In the second
experiment the RH varied in the presence of rather high oxygen levels and now a
difference in spotting was observed. It was not possible, however, to ascribe this effect to
RH alone, as the concentrations of carbon dioxide and ethylene were higher in the
treatment with the low RH. From our previous experiments (Choehom et al., 2004) and
from the first of the present experiments it may seem that such differences in carbon
dioxide and ethylene have no effect on spotting, but this conclusion is unjustified. The
tests reported by Choehom et al. (2004) and the present first experiment show high carbon



dioxide and ethylene levels in the presence of low oxygen levels. Such concentrations and
even lower ones, may have a different effect in the presence of 21% oxygen. The effect of
RIH and that of these two gases must therefore be further separated.
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Temperature effects on senescent spotting in ‘Sucrier’ banana peel
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Abstract

Banana fruit of the cultivar Sucrier (Musa acuminata AA Group) develop senescent
peel spotting when the peel is about as much yellow as green. This early spotting was
accompanied by an increase in total free phenolic compounds and by increased polyphenol
oxidase (PPO) activity in the peel. Peel phenylalanine ammeoenia lvase (PAL) activity
remained about constant. Holding ripening bananas at 15 and 18°C instead of room
temperature (26-27 °C) only temporarily reduced spotting, but holding the fruit at 12°C
completely prevented it. The 12°C treatment resulted in a lower level of total free
phenolics, but had no effect on PAL or PPO activity. Transfer of bananas previously held
at [2°C to room temperature rapidly increased senescent spotting, while transfer of
bananas with some senescent spotting from room temperature to [2°C did not prevent
further development of the spotting. It is concluded that holding spotless fruit at 12°C

prevents the spotting, although only if they are kept at that temperature, and that PAL and

PPO activities seem not rate-limiting.

Keywords : Banana; Low temperature, Phenylalanine ammonia lyase, Polyphenol oxidase,

Ripening, Senescent spotting, Total free phenolics
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1. Introduction

Development of early senescent spotting is typical for Sucrier (local name *Kluai
Khai’) bananas. It starts when the fruit is as much yellow as green. The spotling occurs
only superficially and does not affect eating quality (Marriot, 1980). The disorder starts
with small light brown spots, which become larger and darker brown with advanced
ripening. Benomyl, carbendazim and prochloraz are effective fungicides in controlling
postharvest diseases of banana fruits (Sapiah et al.,, 1990). However, preharvest and
postharvest application of these three fungicides did not control the senescent spotting in
the banana fruits. Similarly, banana bunches covered with polyethylene bags with open-
ends at the bottom during their growth and development in the field until harvest did not
reduce the development of senescent spotting in bananas (Ketsa, 1995). This indicates that
senescent spotting in bananas is a physiological disorder, not a pathogenic disease
{Wardlaw, 1972, Marriot, 1980).

Consumers that are familiar with ‘Sucrier’ bananas see the beginning of senescent
spotting as a hallmark of good eating quality. At the stage where spotting starts, the fruit is
sweet and has a good taste and aroma. Consumers in East-Asia therefore sometime indicate
senescent spotting as ‘sweet spot’. In contrast, people that are not familiar with the early
spotting think that the fruit is overripe or infected (Marriott, 1980; Lizada et al., 1990;
Ketsa, 2000).

Choehom et al. (2004) reported that senescent spotting of ‘Sucrier’ banana requires
relatively high oxygen levels. If placed at 5% oxygen, spotting was absent and this was
accompanied by reduced phenylalanine ammonia lyase (PAL) activity and increased
polyphenol oxidase (PPO) activity in the peel and by an increase in levels of total free
phenolics. The objective of this study was to examine the effect of various temperatures on
senescent spotting, and to further explore the relationship between spotting and free

phenolics levels and the activity of PAL and PPO.

2. Materials and methods

2.1 Plant material

‘Sucrier’ bananas (Musa acuminata AA Group) were harvested at commercial



maturity (80% mature, based on their shape and color development) from a plantation in
Petchaburi province in western Thailand. Bunches were dehanded, placed in in corrugated
cardboard boxes, and transported in a controlled-temperature truck (25°C) to the
laboratory, within 2 h of harvest. Hands were then selected for uniformity of size and
color, cleaned in a solution of 0.5% MgSO, to remove latex from the cut surface. Fruits
were dipped for 2-3 min in 500 mg "' thiabendazole solution to control fruit rot and
allowed to air dry before dipping for 1-2 min in 500 mg 1" ethephon solution for uniform
ripening. After dipping they were dried at ambient temperature (29-30°C). Bananas were
ripened until reaching colour index 3-4 (Lizada et al., 1990), and then used for
experiments. At colour index 3 the peel is more green than yellow and at colour index 4 it
is more yellow than green. At colour index 3-4 the fruit does not vet show senescent

spotting.

2.2. Temperature (reatments

Fruits were divided into four groups and each group was placed in plastic baskets
and kept continuously at room temperature (26-27°C, 65-70% RH), 18 and 12°C (92-95%
RH) until the end of the experiment. In other experiments bananas at colour index 3-4 were
held at room temperature for 2 days and then transferred to 12°C where they were held
until the end of the experiment. Other fruits were held at 12°C for 4 days and then
transferred to room temperature until the end of the experiment. At regular intervals we

monitored senescent spotting, quality, total free phenolics content and enzyme activities.

2.3. Assessment of senescent spotling
Hands of bananas were randomly sampled for determination of senescent spotting
on the banana peel, using a scale of 1-4 following the procedure described in Choeliom et
al. (2004). A score of 1 means no senescent spotting and 4 is severe senescent spotting.
Ten to fifteen fingers of individual hands were randomly sampled for determination
of peel color, firmness and the content of starch and sugars. Peel color was determined

using a color meter (Dr. Lang Tricolor LIM 3), using ‘L’ value (Hunter scale).

fed



2.4 Peel color, firmness starch and sugar contents

Ten to fifteen fingers of individual hands were randomly sampled for determination
of peel color, firmness and content of starch and sugars. Peel color was determined using a
color meter (Dr. Lang Tricolor LIM 3) to record ‘L’ value (Hunter scale). Banana firmness
with and without peel was determined with an Effegi firmness tester using a spherical
plunger 1.1 cm in diameter. The plunger was inserted to a depth of 5 mm and the necessary
force was recorded in newtons (N). Starch and sugar content of the pulp was measured
using methods described by Chaitrakulsap (1980) and Hodge and Hofreither (1962),

respectively.

2.5, Extraction and assay of total free phenolics and enzyme activity

Extraction procedures and assays of PPO and PAL were carried out as described by
Luh and Phitakpol (1972) and Camm and Towers (1973), respectively. Protein content was
determined according to Bradford (1976). Total free phenolics were determined using the
method described by Singleton and Rosst (1965). Each treatment had five replications, and
each replication consisted of the whole peel from 10-15 fruit, pooled together.

Determinations of enzyme activity were made twice in each extract.

2.6. Statistical analysis

Three replications each consisting of a hand were used in each treatment. Ten to
fifieen fingers from two rows of individual hands were evaluated for senescent spotting,
quality, total free phenolic content, and enzyme activity. Scores and other parameters were

compared by analysis of variance, using Least Significance Difference (LSD).
3. Results

3.1. Senescent spotting
At the start of experiment, when fruit had ripened to stage colour index 3-4, the
peel did not yet show senescent spotting. In the controls held at room temperature (26-

27°C) senescent spotting rapidly increased from day 2 to 6 (Fig. 1A). Holding the fruit at

18°C prevented spotting for 2 days, after which it showed the same rate as in fruit that was



continuously held at 26-27°C. Little spotting occurred at 15°C and spotting was completely
prevented if the fruit was held at 12°C (Fig. 1A). Transfer of bananas to 12°C following
two days at room temperature did not prevent the spotting (Fig. 1B). Upon transfer of fruit
to room temperature (26°-27°C), following four days at 12°C, senescent spotting increased

with a slightly lower rate as in fruit that had been transferred to the high temperature earlier

(Fig. 1B).

3.2. Peel colour, firmness and carbohydrate contents

The Hunter ‘L° value of the peel (Table 1), firmness of bananas with peel (Table 2)
and starch content of the banana pulp (Table 3) steadily decreased during the study period.
The decrease was more rapid at higher temperature. In contrast, sugar content of the

banana pulp steadily increased. This increase was greater at higher temperature (Table 4).

3.3. Total free phenolics

Total free phenolics level in the peel of the control fruit (26°-27°C) increased
rapidly. The total free phenolics level of bananas held at 18°C increased slightly, while that
in fruit held at 12° remained rather constant throughout the study period (Fig. 2A).
Transfer of bananas to 12°C following two days at room temperature produced a very
small increase in total free phenolics (Fig. 2B). Transfer of bananas to room temperature
following four days at 12°C also resulted in an increase in the level of total free phenolics,

compared with fruit that remained at 12°C (Fig. 2B).

3.4. PAL and PPO activities

PAL activity in the peel of the control bananas held at room temperature tended to
increase but the LSD values did not show a statistically significant change. The PAL
activity in fruit held at 12°C was not statistically different, on any day, from that in fruit
held at room temperature. PAL activity at 18°C rapidly increased to a maximum on day 4
and decreased sharply thereafter (Fig. 3A). The same was found in fruit held at 15°C
(results not shown). Transfer of bananas to 12°C following two days at room temperature

resulted in a rapid increase in PAL activity, which peaked on day 4, and then gradually



decreased (Fig. 3B). Transfer of bananas to room temperature following four days at 12°C
had only a small effect on PAL activity (Fig. 3B).

PPO activity in the peel of bananas held at room temperature, 18° and 12°C
increased rapidly to a maximum on day 4, and then decreased (Fig. 4A). Transfer of fruit
to 12°C following two days at room temperature had no effect, compared with fruit kpet at
room temperature (Fig. 4B). Transfer of bananas to room temperature following four days
at 12°C resulted in a lower PPO activity, compared to fruit held continuously at 12°C (Fig.
4B).

Correlation coefficients between senescent spotting and the measured parameters
are shown in Table 5. Except for total phenolics at 18°C and room temperature, these

coefficients were very low.

4. Discussion

Holding the fruit at lower temperature resulted in slower changes in peel colour,
firmness and contents of starch and sugar. This shows that ripening is delayed. The effect
of temperature on senescent spotting also may be a simple temperature effect on enzymatic
activity.

Holding the fruit at 12°C, which is the lowest possible storage temperature for
banana, effectively blocked senescent spotting. At lower temperature the peel will become
black due to chilling injury. The results indicate that it is possible to prevent most peel
spotting in the supermarkets, provided that the product will be stored at about 12°C. At
" these temperatures, however, the peel will not become more yellow. At the consumer, if no
further refrigeration is applied, spotting will then still occur very quickly and the peel may
also become more yellow.

Bananas held at room temperature (25-27°C), 12, 15 and 18°C their weight losses
were 5, 4, 3 and 2%, respectively at the end of study period (data not shown). Their
difference in weight losses should not account for senescent spotting. Our previous
experiment showed that weight loss of the banana was not the cause of the reduction of
senescent spotting. The spotting of the PVC-wrapped bananas also occurred where the RH
in the package was higher at ambient condition (Choehom et al., 2004). Spotting thus

occurs irrespective of RH, at the ranged of RH investigated 65-95%



We now did not find evidence for a role of PAL or PPO in early senescent spotting.
PPO is the enzyme that usually causes browning in plants. It uses a pool of free phenolic
acids. PAL may replete this pool (Mayer and Harel, 1979; Martinez and Whitaker, 1995).
Dopamine has been reported to be a major phenolic in the banana peel and it may be a
main substrate for PPO oxidation and browning of the banana peel (Griffiths, 1961;
Kanazawa and Sakakibara, 2000). However, in this stydy, we used catechol as a substrate
to measure PPO activity in vitro and this compound may not be in vitro substrate for PPO
in the banana peel. Therefore, PPO activity measured in this study may not represent in
vivo activity, However, Weaver and Charley (1974) reported that there was no relationship
between PPO activity and browning of the banana pulp. In the present experiments we
observed a positive relationship between the level of total free phenolics and senescent
spotting. This may mean that accumulation of free phenolics is a prerequisite for spotting.

PAL catalyzes the first step of phenolic compounds in the shikimate pathway (Cam
and Towers, 1973). We now observed a poor relationship between senescent spotting and
PAL activity in banana peel, indicating that PAL activity is not rate limiting. This is in
contrast with our previous data (Choehom et al., 2004), which suggested that PAL might
be involved in the browning reaction. We now similarly found a very low correlation
coefficient between PPQO activity and senescent spotting, which confirms the data of
Choehom et al. (2004).

It is concluded that senescent spotting in banana peel is effectively prevented by
holding the fruit at 12° C. Since no relationship was observed between spotting and the
activities of PAL or PPQ, these enzymes seem not rate limiting. Modulating their activity

does not seem promising to reduce the disorder.
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