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Abstract

The objective of this study was to investigate the methods of infiltration of calcium chloride on extending the storage life of fresh duku.  The komering duku were harvested by cutting the fruit raceme, sorted and kept attaching on its raceme.  The duku were then dipped in 1% calcium chloride at 27oC for 2, 4, or 6 minutes or 1% calcium chloride at 50oC for 10 or 15 seconds.  After atmospheric dried, the duku were packed in cartoon box, and then sorted at 28oC ± 2oC.  During storage, every 2 days, the weight loss, colour, firmness, total soluble solids (SS), and total titratable acidity (TA) changes, and the percentage of microbial contaminated area were analysed.

The results showed that the calcium pectate concentrations on duku skin were increased significantly, but the weight loss, browning, softening, reduction of total soluble solids, total titratable acidity and the microbial contamination were inhibited by infiltration of fresh duku in 1% calcium chloride solution before storage.  The characteristics of duku infiltrated in 1% calcium chloride solution at 50oC for 10 and 15 seconds were not significantly different from those in 1% calcium chloride solution at 27oC for 6 minutes.  Dipping in 1% calcium chloride for 6 minutes was the best treatment to extend the storage life of duku up to 11 days at room temperature. 
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INTRODUCTION
Duku is a superior Indonesian fruit which has high economical value.  These fruit production areas were spread in some areas in Sumatera, Java, Kalimantan, and Sulawesi. However, duku from South Sumatera, especially from Komering areas were the most well known and preferred to the others as the fruit distribution can reach the two big markets, Jakarta and Surabaya for 1-2 days by sea and land transportation, unlike duku from the other areas required more time to reach the markets.  After 2-3 days of storage, the skin of the fruit turns from yellow to dark brown colour and the taste starts to change, and fungi easily contaminate it. The skin browning  restricts the market and dramatically drops the economical value of the fresh duku . 
Yanuriati and Pambayun (2003) found that the harvest method of duku by detaching duku from its raceme in the field must be change to by leaving of the fruit still attached on its raceme.  The attached duku can be kept fresh for 6 days at room temperature and can be extended by limiting the microbial attack as soon as possible after harvest.  Infiltration calcium in some fruit can extend the shelf life of Has and Fuerte avocado stored at 20oC for 16 days (Yuen, 1993) and tomato  (Setijorini and Sulistiana, 2001).  Calcium can maintain integrity structure of cell wall and membrane (Ferguson, 1984; Ferguson et al., 1995; Conway et al, 1995) and also increase the sustainable of cell wall from enzymes produced by fungi (Conway et al., 1994).    
Dipping fruit in calcium chloride solution at atmospheric pressure is a cheap, easy and environmentally acceptable method, and produce good results on some fruits (Ferguson, 1984). However, the lack of this method is the difficulties of calcium penetration through tissue of some fruit and may require longer time.  Dipping the fruit in hot calcium chloride solution can facilitate the penetration of calcium through duku tissue.  The heat treatment can also protect fruit from microbiology attacks (Klein and Lurie, 1992; Lurie and Klein, 1992).  Therefore, this study aimed to determine the infiltration methods of calcium to extend the storage life of duku. 

EXPERIMENT
Materials and Methods

Duku komering from Tanjung Lubuk field, South Sumatra province were harvested by cutting the fruit raceme and kept attaching on the stem.  The attached duku then was dipped in 1% calcium chloride solution at 27oC for 2, 4 or 6 minutes or in 1% calcium chloride solution at 50oC for 10 or 15 seconds.  After atmospheric dried, the fruit were packed in cartoon box with ventilation and stored at room temperature (28±2oC).  During storage, every 2 days, the weight loss (the gravimetric method), the hue value (colour checker merck Nippon Denshoku), fruit hardness (fruit harness tester merck Seta), total soluble solids (refractometre merck Atago), total titratable acidity (titrimetric), the percentage of microbial contaminated area (millimetre box paper), and calcium pectate content (Apriyantono et al., 1989) of the fruit were analyzed.  Each treatment was repeated 3 times.
Physical Evaluations
The weight loss was determined by weighing the fruit before storage and after storage.  Those values were calculated based on the percentage of water loss.  

The colour development was measured by a colour checker which had been standardized using calibration white reflector plate.  The colours of eight duku fruit each replication were described as hue value.  Hue value were related to the true colour of each duku skin colour at 3 points (one at the area between the blossom and middle, one at the middle of the fruit, and one at the area between the middle and stem end in equatorial position).  Each replication used 8 duku fruits.
The firmness of individual fruit was measured with fruit hardness tester using the same fruit as the colour measurement.  The 1.52 cm2 conical tip area of the  fruit hardness tester were forced down to the the same locatins as the colour measurement. 

Chemical Analysis
After the skin of each fruit was peeled, the 12 fruit aril were put in a plastic, depitted, and homogenized by hand squeezer.  The homogenate was used to measure total soluble solids by digital refractometre (Atago) and total titratable acidity were measured by titrating the known volume of juice against standard 0.1 N NaOH in the presence of indicator to a faint pink end point, and the total acid was calculated as a percentage of an hydrous citric acid.  
The calcium pectate of duku skin was extracted in 0.02 N, 0.05 and 0.3 N HCl solutions and neutralised  with 1 N NaOH.  The calcium pectate content of  duku skin was measured after infiltration, oven dried, and weighed by gravimetric method (Apriyantono et al., 1989). 
The percentage of microbial contaminated area were determined by drawing on transparant paper the total area of skin and the total area where fungi grow on 8 duku each replications.  Those values were calculated to get the percentage of  microbial contaminated area.
Statistical Analysis

Data within experiment were subjected to analyses of variance with 5% LSD values calculation to determine significantly different treatment means, except the percentage of microbial contaminated area were tabulated.
RESULTS AND DISCUSSIONS
Colour


During storage, the skin colour turned from yellow to brown and finally dark brown.  The browning on the control fruit skin insignificantly occurred more quickly than that on the calcium treated duku (Fig 1A) during 11 days of storage.  On days 13, the skin colour of the fruit was affected significantly by dipping in 1% calcium chloride solution. The colour of control fruit was significantly different from the calcium treated duku.  The fruit dipped in 1% calcium chloride at 50oC for 10 seconds had the highest hue value and then respectively was followed insignificantly by those for 15 seconds and those at 27oC for 6 minutes (Figure 1A) at the end of storage.  The duku skin browning can be reduced significantly by dipping of duku in 1% calcium chloride at 50oC for 10 to 15 minutes or at 27oC for 6 minutes on days 13.  Insignificant different in the changes of skin colour before days 13 as Yanuriati and Pambayun (2003), found that the physicochemical senescence related changes can be retarded by leaving the duku attached on its raceme.  The shelf life of attached duku can be kept longer for 6 days than that of detached duku only 2-3 days.  After that, the fruit damage was stimulated by the fungal contamination.  From Prabawati et al (1991) work, the fungi attacking duku during storage such Rhizopus sp, Fusarium sp, Culvaria sp, Chepalosporium sp and Mucor Sp. can be found after 3 days of storage.  However, Yanuriati (2004) found that the shelf life of the attached duku can be prolonged to 8-9 days storage by discarding the detached fruit pedicle which still adhered on its raceme because the first fungi contamination occurred on the area. 
During senescence, the integrity of the cell membrane becomes less, breakdowns and leads in ion leakage which will stimulates the reaction of browning enzymatic on the skin of the duku fruit. Dipping in calcium chloride solution can increase both the total and the cell wall bound (Conway et al., 1995, Roy et al., 1995) and dipping in hot calcium chloride solution enhanced the penetration and absorption of calcium (Klein and Lurie, 
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Furthermore, Lester (1995) found that the application of calcium can delay physicochemical senescence related changes by reducing the loss of plasma membrane.                                                      
1992) which resulted in the higher increase calcium ion bounds to the pectins present in the 

cell wall and middle lamella.  The processes can be related to the calcium pectate content on calcium treated duku   fruit at 50oC  for   15 minutes  was higher than those at 27oC   for 6 minutes (Table 1).  This increased calcium pectate hindered the solubilization of the polyuronides in the walls and maintained the integrity of the cell wall and organelle cell structure. Furthermore, Lester (1995) found that the application of calcium can delay physicochemical senescence related changes by reducing the loss of plasma membrane phospholipids, protein and H+-ATPase activity.  The mechanism of lipid degradation is influenced by binding to negatively charged head groups of phospholipids, or by controlling the critical calcium concentration of the cytosol through Ca+-ATPase and thus controlling the lipolytic enzymes.  The high integrity of  cell structure due to those bounds inhibited senescence and the leakage ion which caused on inhibition of enzymatic browning reaction.  Ferguson (1984) found that CaCl2 can inhibit the solubilization of tonoplast structure and subtrate diffusion such phenolics from vacuole to sitoplasm which contained fenolase.  The inhibition retarded the enzymatic browning.
The fruit Softening

The fruit softening was significantly inhibited by dipping the fruit in 1% calcium chloride solution.  The duku dipped in 1% calcium chloride solution were firmer than the control ones (Figure 1B).  The calcium pectate content of duku can be enhanced by dipping in 1% calcium chloride(Table 1).   The increase means that the calcium ion bound to the free carboxyl groups on polygalacturonase polymers in the cell wall and middle lamella.  These bounds  prevented the dissociation and maintained cell wall integrity and resulted in firmer fruit. 

At the end of storage on days 13, the duku dipped in 1% calcium chloride at 50oC for 15 minutes were the firmest, followed respectively by those for 10 minutes, and those at 27oC for 6 minutes.  The firmness of the three treatments was not significantly different.  The firmness of the calcium treated fruit correlated with the total and cell wall bound calcium.  Table 1 shows that the penetration and the absorption of calcium chloride  in fruit duku skin were enhanced fruit by dipping the fruit in 1% calcium chloride at 50oC for 15 minutes which resulted in the increase of the calcium pectate content.  However, the trend of fruit softening was not the same as trend the weight loss.  The hot calcium dip treated duku were firmer than without heat treatment, but the hot dip calcium treated duku had higher reduction in weight loss.  This firmer duku was probably related to desiccation by free calcium, yielding seemingly firmer fruit.  This fruit were probably tougher or more elastic rather than having the crisp firmness that is desirable.
Table 1.  Least Significant Difference Test (5%) of the effects of dipping 
in 1% calcium chloride on calcium pectate (%), Hue (o), firmness (kg/cm2), 

TAA (%), weight loss (%) of duku stored at room temperature
	Dip in 1% CaCl2
	Day

	
	Ca Pectate
	Hue
	Firmness
	TAA


	Weight loss

	
	1
	13
	3
	7
	13
	11
	13

	controls
	4.09 a
	93.58 a
	0.307 a 
	0.299 a
	0.287 a
	0.316 a
	18.93 a

	27oC 2 minutes
	4.28 b
	96.51 ab
	0.308 a
	0.300 ab
	0.290 ab
	0.350  b
	14.83 b

	27oC 4 minutes
	4.54 b
	97.23   bc 
	0.310 ab
	0.300 ab
	0.289 ab
	0.337 ab
	14.19 b

	27oC 6 minutes
	5.09 b
	98.76    bc
	0.318 ab
	0.302  b
	0.292  bc
	0.354   b  
	11.53 b

	50oC 10 seconds
	4.93 b
	99.26     c
	0.310 ab
	0.301 ab
	0.292   bc
	0.350   b
	11.67 b

	50oC 15 seconds 
	5.20 b
	99.16     c
	0.318   b
	0.301 ab
	0.296     c
	0.346   b
	12.56 b


Note: values in each column marked with the same letter of alphabet are not significantly different at the 5% level using Least Significant Difference test (LSD)
Total Soluble Solids
Total soluble solids were not significantly affected by dipping the fruit in 1% calcium chloride (Fig 1C).  The decreased total soluble solids tended to be insignificantly inhibited by dipping the fruit in calcium chloride solution.  The duku dipped in 27oC of 1% calcium chloride for 4 up to 6 minutes had the higher total soluble solids than the other treatments (Fig 1C).  The infiltration of ion calcium maintained the integrity of the cell and inhibited the senescence processes, decreased in the permeability of the cell to the gas and water which resulted in decrease in respiration and transpiration rates.  Decrease in respiration rate caused reduction of  requirement for respiration substrates from total soluble solids.  It is likely, the respiration subtrates were taken more from organic acid (Fig 1D, Table 1) than from the sugars since total soluble solids were almost stable during storage (Figure 1C).  This finding was not the same as that reported by (Tarmizi et al, 2000) that in dokong, another form of  Lansium domesticum Corr, the increase in total soluble solids is followed without increase in total titratable acidity, as a result the fruit became sweeter as the ratio the total soluble solids to the total titratable acidity was increased.  In contrast, the increase in the total soluble solids to total titratable acidity ratio of duku occurred as the total soluble solids in calcium treated duku fruit were almost stable, however the total titratable acidity became less during storage. 
Total Titratable Acidity (TTA)

The total titratable acidity tended to reduce more quickly during the 5 days of storage, and slightly increase on days 7 or on days 9, and after that decrease and finally remain stable until the end of storage (Figure 1D).  During storage, the reduced total titratable acidity of duku dipped in 1% calcium chloride at 27oC for 6 minutes was slower than the controls and the others.  On days 11 of storage, dipping of duku in 1% calcium chloride significantly inhibited the reduction of the total titratable acidity, with the highest retardation took placed on the duku dipped in 1% calcium chloride at 27oC for 6 minutes. The increase of calcium pectate bounds by dipping in 1% calcium chloride (Table 1) maintained the integrity of the cell which resulted in more selective barrier for the water and gas permeation.   The restricted permeability of O2 on the calcium treated fruit reduced the respiration rates and the requirement of acid used as respiration substrates.  Thus, the calcium treated duku had higher total acid than the controls.  

The weight loss 
The percentage of weight loss of control duku was higher than the calcium treated duku (Fig  1E).  The percentage of weight loss of duku were significantly reduced by dipping the duku in 1% calcium chloride solution, with the greatest reduced weight loss occurred in duku dipped in 1% calcium chloride at 27oC for 6 minutes, followed respectively by those at 50oC for 10, and 15 seconds (Fig 1E, Table 1). The reduction of the weight loss on calcium treated duku correlated with the increase of the calcium pectate content on calcium treated duku  (Table 1).  The Ca ions bound with free carboxyl group on polygalacturonate polymer in the cell wall and middle lamella to form calcium pectate which then prevented the solubilitation and maintained the integrity and stability of cell wall and middle lamella.  The high integrity of the cell wall  maintained the organelle cell structure and became a selective barrier on the permeability of water and gas penetration to membrane cell and cell wall. As a result, not only the rate of transpiration and respiration were also lessened, but the senescence processes were also inhibited.  However, the increase in calcium pectate of duku  (Table 1) was not always followed by the reduction in the weight loss (Figure 1E). Duku dipped in 1% calcium chloride at 50oC for 15 minutes had greater calcium pectate content  than those at 27oC for 6 minutes, but had greater weight loss since the hot dip treated duku  may be already saturated with the calcium available in the hot solution,  the free calcium remainder resulted in negatively response by absorbing the free water of the fruit which triggered the higher weight loss.  It is known that calcium chloride can also be used as a commercial water absorber in food.

The percentage of microbial contaminated area

The microbial contamination were inhibited by the dipping the fruit in 1% calcium chloride.   After 5 days of storage, hyphae of fungi had been found on some control fruit, but the hyphae were not found in the fruit that were dipped in 1%  calcium chloride, especially in the fruit were dipped in 1% calcium chloride at 50oC for 10 minutes, the hyphae were not detected on days 7 of the storage (Table 2).    The calcium pectate binding to the pectins in the cell wall and middle lamella improved the structural integrity rendered fruit more resistant to enzyme produced by the fungus .  Furthermore Simon and Sanguansri (1997) cited that free chlorine can also destroy vegetative bacteria and fungal cells.   The hypochlorous acid (HOCl) resulted from reaction of chlorine or hypochlorite in water is the most effective antimicrobial activity.  Lethality is attributed to chlorine combining with cell membrane proteins to form N-chloro compounds which in turn interfere with cell metabolism.

Table 2.  The percentage of microbial contaminated area of duku stored at room

                temperature

	Dip in 1% CaCl2
	Day

	
	1
	3
	5
	7
	9
	11
	13

	Controls
	0
	0
	0.57
	2.48
	6.30
	10.34
	31.82

	27oC 2 minutes
	0
	0
	0
	1.73
	4.03
	9.22
	25.67

	27oC 4 minutes
	0
	0
	0
	0.87
	2.28
	9.17
	18.54

	27oC 6 minutes
	0
	0
	0
	1.5
	2.8
	5.41
	16.05

	50oC 10 seconds 
	0
	0
	0
	0
	4.02
	5.41
	16.05

	50oC 15 seconds 
	0
	0
	0
	1.57
	3.25
	7.54
	13.36


On days 11, the fruit dipped in 1% calcium chloride at 27oC for 6 minutes and those at 50oC for 10 minutes had the least percentage of microbial contamination (5.41%), followed by at 50oC for 15 minutes (7,54%).  From this results it can be concluded that the fruit were dipped in 1% calcium chloride at 27oC for 6 minutes was the optimum method as it is easy and economical method which can extend the storage life of duku fruit up to  11 days at room temperature. 

Conclusions 


The shelflife of duku can be extended up to 11 days at room temperature by dipping in 1% calcium chloride at 27oC for 6 minutes as the method  can increase the calcium pectate content, and inhibit the weight loss, the skin browning, the softening, the reduction of total soluble solids and total titratable acidity, and  the microbial contamination. 
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Figure 1.  The changes of colour (A), firmness (B), 


                 SS (C), TAA(D), and weight loss (E) of the  control (-◊-), the duku dipped in 1% CaCl2 at 27oC for 2(-□-), 4 (-∆-), and 6 (-×-) minutes, and at 50oC for 10 (-+-), and 15 (-○-) minutes.
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