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Abstract

This research concerned duku from Kepur, Muara Enim District, South Sumatra Province.   Duku were harvested by cutting the stem of each bunch of duku,  the product was sorted out and divided into 3 groups, each fruit was individually detached from their stem, still attached in each bunch, and left the fruit to natural detachment from its stem by shaking each bunch of duku after 3 days of storage.  However, on the last method, the fruit still attached on its stem and finally each fruit were detached by cutting the stem which was close to each fruit with no injury on the fruit stem end.  Finally, the duku were packed in carton boxes and stored at 28±2oC. 

After a three-day storage, decay of duku was predominantly caused by enzymatic browning and followed by fungus contamination.  The rate of skin browning from yellow to dark brown and the softening of duku fruit skin can be slowed down by keeping each bunch of duku still attaching on its stem.  Shelf life of the attaching duku can be extended for 3 days or kept fresh for 6 days at room temperature.  The shelflife of duku can be extended for more than 3 days by inhibiting the senescence and fungus growth.
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INTRODUCTION


Duku is one of superior commodities from South Sumatra having a high economical value.  The duku production areas in South Sumatera are Ogan Komering Ilir, Ogan Komering Ulu, Musi Banyuasin, Muara Enim, Prabumulih dan Lahat.   Duku is  found also in other Indonesia areas, such as Condet Jakarta, Singosari East Java, Rantau Prapat and Sidempuan North Sumatra, Bangkinang Riau, West Sumatra, and Jambi.  However, Palembang duku, actually from DAS Komering of South Sumatra, were more wellknown and preferable to the others.  Sabari (1985) and Sjahrul (1997) found that the Palembang duku fruit has a thinner skin, thicker aril, no or small seed, sweeter and fresher flavour than duku fruit from other Indonesia areas.  


Similar to other fruits, duku fruit is perishable, after 2 or 3 days postharvest, skin already changes from yellow to dark brown colour, the taste changes, and fungi easily attack it.  In fact, duku fruit has a high economical value and the fruit is very potential to be marketed not only in Indonesia areas, but also to overseas market.


At the moment, farmers or pickers from South Sumatra harvest duku fruit by hand-detaching each duku from its stem, or shaking the tip of branches, where result in injury at the fruit stem end. The detaching fruit will more quickly deteriorate compared to the attaching fruit, which were harvested by cutting the stem without injury at the stem end of the fruit.   

Most duku tree height is 10-30 metres (Morton, 1987, and Sjahrul. 1997), thus the harvested fruit with the 2 methods above will cause injuries mechanically, physically, and physiologically.  Detaching duku from its stem cause an injure at the stem end of the fruit.. The injured part will stimulate the postharvest decay as it will contribute some nutritions for microorganisms.  However, the farmers or pickers prefer individually detaching fruit from its stem to cutting its stem with the fruit still attached on, as the first method is easier and requires less time than the last method, but the fisrt method will cause the skin discolouration and decay quickly.   Finally, the price of the fruit in the market will dramatically drop dan the shelflife will be very short.  As a result, the improvement of the harvest and handling method of duku fruit in South Sumatra are required very much in order to minimalize  the decay, lengthen the shelf life and increase the global competitiveness, and finally the fruit can be marketed globally, not only between island but also to importir countries. 

MATERIALS AND METHODS

The fruits from Kepur, Muara Enim District, South Sumatera were harvested by cutting the fruit raceme. The unblemished, uniform fruit were sorted, and then divided into 3 groups, each fruit is detached individually (stem end injured detaching-duku), the fruit kept attaching on the stem (attaching duku), and another, the fruit were naturally detached by gently shaking the stem after 1 day of storage.  However, the fruit could not naturally be separated by such method until 3 days of storage, and on that day, finally each fruit were separated by cutting the stem which is close to each duku which resulted uninjury at the stem end. The fruit were packed  in a 44 cm x 28 cm x 18,5 cm  cartoon box with 2 ventillation each side.  The fruit in the cartoon then were stored at room temperature (28(2oC).   During storage, the respiration rate was analized every day. The colour, hardness, total soluble solids, reduced sugar, pH, total acid, and the development of skin browning and fungi infection were analized every 3 days. Each treatment was repeated 3 times.


The respiration rates (ml CO2 /kg/jam) were measured by titration method with 0,05 N HCl and phenolphtalein indicator, after 3 hours incubation of the fruit which are already known the weight and 25 mL 0.05 NaOH in a 5 litre airtight jar (Yanuriati, 2001).  


The surface colour of individual fruit, with 5 total fruits for each treatment was assessed with a colour checker merk Nippon Denshoku, and expressed as L and b values, where L indicates lightness or darkness (from 0 = black to 100 = white), and b indicates the hue on a blue (-) to yellow (+) axis (Voss, 1992).  To reduce variability, 4 observation were performed on each individual fruit (one side between the blossom end and the equatorial region, two sides in the equatorial region, and one side between the equatorial region and the stem end).


The firmness of each fruit was measured by using the same fruit and the same areas as the colour evaluation.  The firmness was measured by a fruit hardness tester with a probe like a cone which is 3.75 cm2 in width.

   For chemical analysis, 12 fruit aril were depitted and homogenised in a plastic.   The homogenate was used to measure total soluble solids, reduced sugar, total titratable acidity, and pH by a hand refractometer, Nelson Somogyi method, titrating the known volume of homogenate with 0.1 N NaOH , and pH meter respectively. 

Data within experiments were subjected to analyses of variance with 5% HSD values which were calculated to separate significantly different treatments means.

RESULTS AND DISCUSSIONS

A. Respiration

The respiration rates of attaching duku and uninjured detaching-duku fell during storage at slower rate than that of injured detaching-duku (Fig 1a).   Detaching the fruit from its stem caused wounds at the stem end of the fruit.  The injuries and other pores at the duku epidermis, such as lenti cels are the areas of oxygen penetration from atmosphere into the fruit cell, which resulted in increasing the respiration rates of the fruit.  However, harvest method insignificantly reduced the respiration rates of duku (Fig 1a)  since duku is a nonclimacteric fruit and harvested at already fully mature or ripe.   

B. Hardness

The softening rates of attaching duku were less than detaching duku (Fig 1b and Table 1). The harvest method (Table 1), the interaction between the harvest method and storage time (Fig 1b) influenced significantly the softening of duku.  The hardness of detaching-duku was significantly different from the attaching duku.  Softening  of the attaching duku and also uninjured detaching-duku were significantly inhibited by the harvest method with the fruit still attached on its stem. Until 6 days of storage, the hardness of the attached duku is not significantly different from the new harvested fruit (Fig. 1b and Table 1).


Detaching duku from its stem caused injury at the stem end, that can insignificantly increase the respiration rate (Fig 1a). The increase in the respiration rates accelerated the senescence of the fruit, lessen the integrity of the cell wall and membrane, and reduced the hardness.  The higher respiration rates may also supply higher energy for pectinesterase and polygalacturonase enzyme activity, to change undissolved protopectin to dissolved pectin.

C. Colour

The lightness values of duku highly significantly decreased over the period of storage with a greater decline in the injured detaching-duku, which means the colour of injured detaching-duku skin during storage become darker than that of uninjured duku (Fig.1c).  From day 6 to the end of storage, the skin colour of attaching duku were highly significantly lighter than that of  both detaching duku.  The harvest method by cutting the fruit raceme slowed down the enzymatic browning processes of the attaching duku (Table 1).  Until day 6 of storage, the lightness value of attaching duku were not significantly different from those of new harvested-duku, which indicate the lightness of attaching-duku on day 6 is still fresh like new harvested-duku on days 2 (Fig 1c).         



Similar to the lightness changes, the yellow colour of duku slightly reduced during 3 days of storage and then declined rapidly after 3 days of storage, with slower rate on attaching duku (Fig 1d and Table 1).   The yellow colour of the attaching duku on day 6 were not significantly different from the new harvested fruit on days 2 (Figure 1d).  The harvest method with duku still attached on its stem inhibited enzimatic browning, which brought about discoloration of duku skin from yellow to dark brown.  

The colour changes of the injured detaching-duku from yellow to brown occurred quickly.  The injured areas which were the pathway of oxygen penetration into the cellular of  the fruit accelerated the senescence, reduced the integrity of the cell wall and membrane, which were indicated by higher rates softening in the detaching duku, and increased the membrane leakiness.  The leakiness caused a stimulation of enzimatic browning oxidation process, which resulted in the skin colour of duku changed from yellow to dark brown.  Saijo (1997) and Macheix et al., (1990) reported that  the browning processes which were resulted from the oxidation of phenol by peroxidase and polifenoloxidase enzymes to form quinon, which then easily reacted with nitrogen compounds, such as amino acids, peptides, and proteins,  to produce brown products.  

D. Total soluble solids

Total soluble solids of  all duku remained constant during storage.  The total soluble solids of duku were not significantly affected by the harvest method, and the interaction between the harvest method and the storage time.  From Figure 1e and d showed, that the major sugar of duku fruit is non reduced sugar, sucrose. Total soluble solids is contributed by sucrose.  During storage, the increase of sugar is likely due to the decrease of total acid levels (Fig.1 g).  This results support the findings of Sapii et al. (2000) and Tarmizi (1998) that the increase in total soluble solids without an increase in total acid resulted in an increase in the total soluble solids to total acid ratio and led to the fruit tasting sweeter.

[image: image1.jpg]Figure 1. The physiology and physicochemical changes of injured detached duku (),
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 Reduced Sugars

From Figure 1  e and Figure 1f   indicated that the dominant sugar of duku is nonreduced sugar (sucrose) as the percentage of reduced sugars were very small (Figure  1f ).  During storage, the percentage of reduced sugar was slightly decreased (Figure 1f).   The reduced sugar may also contribute a small persentage of substrate for respiration process.   The major substrate for respiration during storage of duku was contributed by acid.

D. Total Acid
Total acid of duku fruit tended to decline insignificantly during storage (Figure 1h). The harvest method and the interaction between harvest method and time were not significantly affected the changes of total acid of duku (Figure 1h).  The decline of total acid levels may be due to the use of the acids as a respiration subtrate.

E.  pH

pH tended to increase during storage (Fig 1h).  The harvest method and interaction between the harvest method and time were not significantly affected the pH of duku.  The slight increase of pH may be contributed by the slight decrease of acid due to the utilization as a subtrate for respiration.

Table 1.  Effect of harvest method on the physichochemical changes of duku stored at  

               28(2oC

	Parameters
	Treatment
	Average
	HSD 1%
	HSD5%

	Lightness
	Harvest methods

 Attaching duku

 Uninjured detaching duku  

 Injured detaching duku
	68,15

65,58

60,39
	1,04

a

b

c
	1,33

A

B

C

	b* values
	Harvest methods

Attaching duku

Uninjured detaching  duku

Injured detaching duku
	33,80

32,42

28,75
	0,93

a

b

c
	1,20

A

B

C

	Hardness
	Harvest methods

Attaching duku

Uninjured detaching  duku

Injured detaching duku
	0,1959

0,1908

0,1719
	0,0051

a

a

b
	0,0066

A

A

B


Note:  The number followed by the same capital on the same coloum  means no significantly different 

F. Skin browning and fungus contamination

On day 3 of storage, skin of the injured detaching-duku had been already changed from yellow to brown colour about 20% of fruit total in a box.  On day 6, about 84% of the injured detaching-duku were already unsuitable to be consumed as the fruit were spoiled, dark brown colour and fungus infected.  On day 9, almost 99% of the injured detaching fruit could not be  consumed  (Table 2).


The uninjured detaching-duku and the attaching duku on day 3 had not been found visually the color discolouration and fungus infection.  On day 6, about 40% of the uninjured detaching duku had a brown colour development on the skin, and also fungus contamination.  On the same day, the attaching fruit skin were also dark brown about 2% and some fruits have also been fungus contaminated from its stem about 8% (Table 2).


 On day 9 of the storage, mostly detaching fruit could not be consumed (95%), as the skin already had  been changed to brown colour and fungus infection.  However, the decay on the attaching duku is less than that on both detaching fruit.  About 50% of the attaching duku had already not been consumed (Table 2).   


During the first 3 days of storage, the postharvest damage of the attaching duku were caused dominantly by the browning enzimatis.  On day 3 of storage, few fruits (2%) had already been contaminated by fungus with the small percentage of attack.  The small percentage of this contamination then stimulated the fungus contamination on  the fruit, which were close to infected fruit, and finally disseminates to other fruits quickly. Prabawati et al. (1991)  found that Culvularia sp., Rhizopus sp., and Mycelia sterilia caused duku spoil rapidly.  These fungi produced amilase, pectinase, and cellulase, which brought about decay.

Table 2.  The development of duku damages by browning and fungi

	Treatment
	Skin browning 
	Fungus infection

	
	3
	6
	9
	3
	6
	9

	Injured detaching-duku 
	+

20%
	+++

85%
	+++

99%
	+

20%
	+++

85%
	+++

98%

	Uninjured detaching-duku 
	-

0%
	+++

40%
	+++

95%
	-

0%
	+++

40%
	+++

95%

	Attaching duku 
	-

0%
	+++

2%
	+++

50%
	-

0%
	+++

8%
	+++

47%


Keterangan:
-      = no skin browning



+     = fungus infection  (diametre ( 0,5 cm)



++   = fungus infection (diametre ( 0,5 cm)  


         
+++ = Damage and can not be consumed

CONCLUSIONS

The major cause the postharvest decay of duku during the first 3 days of storage is enzymatic browning, and afterwards by fungus infection.  The skin browning and softening can be inhibited by keeping the fruit bunch still attached on the stem.  The shelflife of attaching duku can be extended for 3 days, and kept fresh for 6 days. The storage life of duku can be extended more than 3 days by controlling the senesence and microbial attacks as soon as possible after harvest. 
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