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Mango is one of the most popular worth of mangoes were exported to
fruits in Malaysia and is highly demanded. Singapore, Brunei and Hong Kong.
The unriped fruit is consumed fresh as
salad (or "rojak") or can be made into Ripening is the result of a complex

-kles.-Other us4geq_grqludetehydrated changes. During ripening, the green skin
mango, proc-essed juices;nectarsand jams.,;f@ excepf or=- _- --
Mango is among 15 types of fruit identified some cultivar such as Harumanis, due to
in the National Agricultural Policy 3 to be breakdown of chlorophyll and unmasking
developed as an export crop. In 2001 about of the carotenoid pigments [1]. Harumanis
3.8Vo of the total fruit cultivated area of is marketed as green-riped fruit with green
11,342 ha was mangoes, yielding skin and soft-edible pulp. The green-riped
71,081 MT with 'Harumanis', 'Chok 

fruit fail to attract consumer attention as
Anan', 'Masmuda'and 'MAHA being the consumer perceived it as unriped. It has
common varieties. In 2001, RM9.3 million been shown that the external colour of the
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A study on the cellular changes in the skin and pulp of Harumanis mango

fruit during ripening was carried out. Mature green mango (day 0) was
collegtedfrom Department of Agriculture, Perlis. Fruits were ripened in a

ftbreboard carton at 27'C using 20 g calcium carbide/kg fruit for 24 h.
Tissues offruit at day 0, 2 and 4 were processed andviewed under scanning
electron microscope. From this study, two regions were identified in
Harumanis mango fruit as ripening progressed, namely the skin and pulp
regions. The skin was composed by a single layer of epidermis with well-
defined cuticle. Wax deposition and lenticels were found on the surface of
cuticle. The cell containing crystals i.e. the idioblast could be seen in the
skin region of Harumanis mango fruit especially in ripening day 4. Resin
ducts could be seen in skin and pulp regions. The ducts could exist as
individual structure or co-exist with vascular bundle in all skin and pulp
regions and ripening days. As ripening progressed, the ceII loses its integrity
and starch granules were degraded.

INTRODUCTION

'Corresponding author: Tel. + 6 (03) 8946 694 ; Fax. + 6 (03) 8943 5973
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as observed with SEM.

MATERIALS & METHODS

Green mature stage (day 0) of
Harumanis mango fruit (Mangifera indica
L.) were collected from Department of
Agriculture, Perlis, and transported to
Postharvest Laboratory, UPM within 12 h.
The fruits were ripened in a fibre board
carton at 27*2 oC using 20 g calcium
carbidelkg fruit. After 24 h, the cover of
the carton was removed and fruits were
allowed to ripen for 4 days. Twelve
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fruit is an important factor in consumer
preference [2]. Thus, colour is a primary
component of fruit quality, and quality is a
major determinant of cash value [3]. On
the other hand, the green-ripen fruit
tr iggered a lot of problems such as
difficulties in determine fruit maturitv for
harvest.

Once Harumanis mango ripened, the
texture of fruit softens progressively. The
relative firmness of the fruit is greatly
determined by physical and chemical
attributes such as skin thickness and starch
content [2]. The starch in the pulp of
Harumanis mango will be hydrolysed into
sugar [4] and organic acid, which give
desirable sugar-to-acid balance. The
distinct signs such as change in colour,
texture and aroma of fruit tissue ripening
are determined by changes in its structure
and composition [5]. Information on the
structure aspects during ripening is
important in relation to fruit quality, storage
and commercial value. There is lack of
study on cell structural changes during
ripening in Harumanis mango. Therefore,
the objective of this study was to examine

samples of 0.5 x 0.5 x 0.5 cm3were taken
from the mid-region of the fruit atday 0,2
and 4. The samples were fixed in FAA
fixative, and thenpost-fixed in 17o osmium
tetroxide followed by dehydration through
graded series ofethanol to absolute ethanol.
The tissues were critical point dried and
subsequently prepared for SEM (JOEL
5610 LV) viewing.

RESULTS & DISCUSSION

Harumanis mango fruit is made of
skin and pulp (Fig. 1). Skin is the exocarp
of fruit, protecting fruit from physical
damage and desiccation. The pulp is the
mesocalp of the fruit and is edible.

Skin Region

The skin of Harumanis mango is
about 1.3+0.5 mm. The skin of mature fruit
was composed by a single layer of
epidermis with lenticels and a well-defined
cuticle with wax deposition (Fig. 2A).
Stomata were present in the early stage of

ruptured became lenticels at later stage of
development t6l.  Postharvest
discolouration of mango fruit lenticels is a
major problem and detraits from the
aesthetic value of the fruit such as 'Tommy

Akins' and,'Keitt' mango [7]. The cutin
layer of Harumanis mango is made up of
regular polygonal platelets. The thinnest
points of the cuticle were in the central
cracks of the cuticular platelets. The
cracking of cuticular platelets has been
shown to play a role in fruit skin disorders
such as etch browning [6],[8]. As ripening
day progressed to day 4, the wax melted
and sealed the cracks that exist in earlier
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The starch granules in the skin
region of Harumanis mango were uniform
in size and shape, mainly oval. As ripening
progre$sed, the density of starch granules
decreased. The starch could be hydrolyzed
and used up by the fruit after it has been
detached from mother plant.

Pulp region

At ripening day 0 the pulp of
Harumanis mango was pale yellow colour.
As ripening progressed, the colour of pulp
turned yellow orange which is attractive
and appealing for consumption. The
parenchymatous cells in pulp region were
isodiametric in shape and larger than those
in skin region. Intersperse in pulp region
of Harumanis mango was i) vascular
bundle tissues, ii) resin ducts and iii) starch
granules. No crystal was observed in the
pulp region. Unlike vascular bundle tissues
found in skin region, there were two types
of vascular bundle tissues in pulp region.
The first type of vascular bundles tissues
appear as individual t issues without

The vascular bundle tissues were accompanying resin ducts and was found
distributed randomly at the skin region and more frequently in inner part of pulp.

![visible with naked eyes where it Another type of vascular bundle tissues_ easlly vrsrDle wrth nal(---=-foffi--foffi 
ar $Eirdle tissues ---vas-clos@ccurred

appeared among hypodermal in skiniFgr%n The frequeftfo=ftesin ductsr
parenchymatous cells 10 - 14 rows found in pulp of Harumanis mango was
subjacent to epidermal layer. Vascular lesser than those in skin region.
bundle tissues in skin region were close to
resin ducts. Resin ducts of Harumanis
mango distributed randomly in the skin
region with various size of diameter. The
resin ducts exude sap, the cytoplasm fluid,
when it wounds. In mango, sap exudes
from the freshly harvested fruit, but this
exudates decrease during ripening [2].
Resin ducts was found link to lenticels and
caused discolouration of mango fruit t7l.

days of ripening (Fig. 2B). Therefore, the
cracks could not be seen anvmore in
ripening day 4.

Hypodermal parenchymatous cells
made up skin region. The arrangement of
hypodermal parenchymatous cells was
loose and intercellular spaces present at the
cells adjoining. At ripening day 0, the cell
wall of parenchymatous cells vlas firm and
the structure breakdown as ripening day
progressed. Intersperse in the hypodermal
parenchymatots cells of mango skin were
i) crystalliferous idioblast cells, ii) vascular
bundles tissues, iii) latificer and iv) starch
granules. The crystalliferous idioblast cell
of Harumanis mango is an intracellular
inclusion where the vacuoles of these cells
are filled with druse crystals. These
crystalliferous idioblast cells scattered
randomly in the hypodermal layer of skin
and it was not found in epidermal layer. In
this study, the crystalliferous idioblast cells
were only found in ripening day 4 of
Harumanis mango. Whether the crystal
only present in the advanced ripening cells
or not was not clear.

The cells in pulp region of day 0
Harumanis mango f i l led with starch
granules. The granules were irregularly in
shape with spheroid and ovular being
predominant. The size of starch granules
in pulp region was large as compared to
those in skin region. The surface of starch
granules was smooth. As ripening
progressed to day 2, the starch granules
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started to hydrolyze with rough surface.
During ripening the starch granules are
being hydrolyzed by amylase [4]. As a
consequence of starch hydrolysis, total
sugar increase during r ipening, with
glucose, fructose and sucrose constituting
most of the monosaccharides [9] .  In
'Alphonso' mango, the starch content
decreased from 18 to0.lvo and total soluble
solids increased from 7 to 207o as fruit
r ipened [10].  At r ipening day 4, the
integrity of Harumanis mango parenchyma
cells loss. Similar observation was reported
inAlphonso mango where the cell integrity
loss with pectin decreased from 1.9 to
O.SVo, cellulose decreased from 2 to 0.9Vo
and hemicelluloses decreased from 0.8 to
0.2Vo as ripening progressed [10], Ull.

due to cel l  hydrolysis as r ipening
progressed. The degradation of starch
granules could also contribute to softening
of fruits. The changes in cellular structure
of Harumanis mango fruit could explain the
biochemical changes as r ipening t6l
progressed.
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cracks as wmpared to riJxning dol t).


