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ABSTRACT: The research:” Study on irradiated Vietnam Java rambutan fruit which was postharvested 

treatment to prolong the shelflife for export purposes” was conducted at Research and Development Center for 

Radiation Technology and Southern Horticultural Research Institute for 12 months. On the one hand, the 

theme was to study the effects of low-dose radiation in the range (200-500 Gy) combined with two types of 

packaging: carton boxes and carton boxes + PE perforated cover 0.5% of the area bags. After 13 days 

monitoring in 13
o
C, RH= 85-90% the results showed that Java rambutan fruit which was packed in carton 

boxes combined PE bags then irradiated at 300 Gy dose could limit the browning pericarp, dehydration 

through the rate of browning, browning level and the percentage of weight loss. Irradiated ramtuban also 

remains their pulp quality when testing the soluble solids, the titratable acidity and the ascorbic acid content. 

Irradiation did not affect the cell structure of pericarp and pulp by investigating the total ion leakage. On the 

other hand, the topics also examined the influence of some postharvest handling and low-dose radiation on 

Java rambutan. The results showed that pre-irradiation processing: hot water treatment at 43
o
C in 6 minuted, 

dipping in cloruacalxi 0.4% + citric acid 0.5% solution in 3 minutes, packed in carton boxes + PE bags and 

irradiated at 300 Gy dose capable of maintaining the quality which extends the shelflife of Java rambutan more 

4 days when kept under conditions of 13
o
C, RH= 85-90%. 

1. INTRODUCTION 

Java rambutan (Nephelium lappaceum L) belong to the family Sapindaceae is a tropical fruit 

native to Malaysia and Indonesia, which is distributed widely in humid, high rainfall areas of 

Southeast Asia. In Vietnam, rambutan is grown in popularity in the province of Dong Nai river 

basin or South Central and now Ben Tre, Tien Giang provinces are pioneers in the application 

VietGAP and Global GAP for this fruit. Irradiation with an absorbed dose of 400 Gy as quarantine 

treatment is approved by U.S. Dept. of Agriculture (USDA/APHIS) for Vietnam rambutan and 

dragon fruit [1]. The first Java rambutan treatment was irradiated and export to the United States in 
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May 2011 by airport but did not compete with rambutan from other country due to high price. The 

problem of competition on the export market have been reviewed and given two solutions: The first 

is moving to farming and harvesting Java rambutan in minor season from January to April yearly. 

The second is to reduce the costs to sell as well as improve the quality of harvest. The latter solution 

is more interested because it can improve the quality and increase the storage time in minor and 

major season of rambutan. 

The purposes of reasearch were to assess the effects of low-dose radiation combination with 

some postharvest treatments to mantain the quality and prolong its shelflife. The outcome of this 

research will be a background to improve the quality of rambutan exported to markets approving 

irradiation as phytosanitary treatment.  

2. EXPERIMENT  

2.1. Materials and chemicals 

Java rambutan fruits: Were harvested at maturity 90-95 days after blooming from an orchard 

in Global GAP model in Phu Phung, Cho Lach district, Ben Tre province during the minor harvest.  

Packaging materials: Carton boxes in size of 25×15×5 (cm) and net weight of 2 kg (this is 

also the boxes for exporting nowadays in Viet Nam). PE perforated 0.5% bags.  

Chemicals: NaOH, phenolphthalein, 2.6 dichlorophenolindophenol, vitamin C, oxalic acid, 

CaCl2, manniton, Merk, Germany. 1-MCP, Thailand. Metaphosphoric acid, Chinese.  

2.2. Equipment 

Irradiation facility: Electron beam accelerator UERL-10-15S2, 10 MeV, supplied by 

CORAD Co. Ltd., Russia, at the Research and Development Center for Radiation Technology. 

Testing equipment: Handheld refractometer scale 0-32
0
 Brix, Atago, Japan. Colorimeter 

Minolta-CR400, Japanese manufactures. Conductivity meter WTW Cond 720 Inlab, Germany. 

Other equipments: cold storage, thermor temperature. 

2.3. Experimental  design and methodology: 

a. The effects of packaged treatment and low-dose irradiation to quality and storage 

capacity of Java rambutan  

Experimental design: The experiment was designed in completely random with two factors: 

Factor A was the dose range: 200, 300, 400, 500 Gy and the control (non-irradiated). Factor B was 

the type of packing: carton boxes and carton boxes + PE perforated 0.5% bags. The experiment was 

repeated two times with 40 fruits of rambutan fruits for each time. 

Methodology: The first step, rambutan fruits were taken from Global GAP model farm and 

cut the stem leaving 0.5 cm left. The second step, it was packed in carton boxes and carton boxes + 

PE perforated 0.5% bags. The last step, rambutan was irradiated by the electron beam facility in a 

dose range: 200-500 Gy. Absorbed doses were measured by Fricke dosimeters in each replicate. 

b. The effects of post-harvested treatment and low-dose irradiation to quality and 

storage capacity of Java rambutan 

Experimental design: The experiment was designed in completely random with two factors: 

Factor A was the level of radiation: 300 and 400 Gy. Factor B was the postharvest handling that had 

done before irradiation. The first was hot water treatment at 43
o
C in 6 minutes and then steaming 1-

MCP 1.5ppm for 4 hours. The second was hot water treatment at 43
o
C in 6 minutes and then 

dipping in cloruacalxi 0.4% + citric acid 0.5% solution in 3 minutes, and the last was a combination 
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of them. Rambutan also was packed in cartons and perforated PE 0.5% bags. The experiment was 

repeated three times and 40 fruits of rambutan for each time. 

Methodology: The first step, rambutan fruits were taken from Global GAP model farm and 

cut the stem leaving 0.5 cm left. The second step, it was post-harvested treatment and packed in 

carton boxes and carton boxes + PE perforated 0.5% bags. The last one, rambutan was irradiated at 

300 and 400 Gy. Absorbed doses were measured by Fricke dosimeters in each replicate. 

Quality determination 

The sensory qualities: 

- The rate of pericarp browning and disease of the skin fruit (%): By counting the number 

browning and diseased rambutan fruits each investigation. 

- The degree of pericarp browning and disease of inner and outer surface of the pericarp 

(0-5 degree): 0 degree = 0%, 1
st
 degree = 1-5%, 2

nd
 degree = 6-11%, 3

rd
 degree = 11-25%, 4

th 

degree = 25-50% and 5
th

 degree means more than 50% surface area are browned or diseased. 

- Weight loss: Was determined as percentage of the initial weight by Shimadzu weight 

UX8200S-8200g (±0.1g), (Japanese manufactures). 

- The external color of the pericarp (including spinterns) (L
*
, a

*
): Color values of 40 fruits 

per treatment were recorded at three equidistant locations around the backbone of each fruit (by 

Minolta-CR400, Japanese manufactures). 

The biochemical qualities of pulp: 

- The soluble solids (
0
Brix): Was directly measured using two to three drops of juice 

placed on a handheld refractometer (Atago refractometer-Japan 
0
Brix 0-32 scale). 

- The titratable acidity (%): By the titrimetric method with 0.1N NaOH and 

phenolphthalein 1% as indicator (AOAC 942.15). 

- The ascorbic acid content (mg/100g): By the 2,6-dichlorophenolindophenol titrimetric 

method (AOAC 967.21).  

The rate of membrane ion leakage (%) (Jang & Chen, 1995):  

The ion leakage in the cell (electrolyte leakage) was determined by conductivity meter 

WTW Cond 720 Inlab (by German manufacturers) (EC1). The total leakage of intracellular ions 

(electrolyte leakage) (EC2) was determined after the samples were boiled for 15 minutes and cooled 

to 25
o
C.  

The total ion leakage (%) = EC1*100/EC2 

3. RESULTS AND DISCUSSION 

3.1. The effects of packaged treatment and low-dose irradiated to quality and storage 

capacity of Java rambutan 

3.1.1. The sensory qualities 

 The rate (%) and degree (score) of pericarp browning:  

The Table 1 showed that rambutan fruits after treated, stored at 13
o
C, RH 85-90% had 

begun browning from 5 days. The rate of pericarp browning under 5% on the 5
th

 day, increased 

dramatically around (4.17-62.50)% on the 10
th 

day and had a strongly increase from 4.25% to 100% 

on 13
th 

day after storage. The degree of pericarp browning under 0.025 on the 5
th 

day, increased 

slightly in the range 0.13 to 2.59 on the 10
th 

day and had continued from 4 to 0.41 on the last day of 

the storage time. Interactions between the method of packaging and irradiation had not significant 
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difference at 5% on the 5
th 

day but there were significantly different from the 10
th

 day of the storage 

time. The rate and degree of pericarp browning of the irradiated rambutan fruit were lower than the 

control during the storage time. Among the irradiation treatments, the rate and degree of browning 

at 300 Gy and packaging carton boxes + PE perforated 0.5% bags were lowest to compare with the 

others. Radiation at low doses (<1 kGy) is not likely to affect the enzyme in the cells but have 

capable limiting the activity of the enzyme [4] which is included as phenylalanine ammonia-lyase 

(PAL), polyphenol oxidase (PPO) and peroxidase (POD) causes the browning by enzymes [5]. 

Packaging with PE bags was limited the loss of water in fruits, one of the causes of pericarp 

browning [6]. 

 The rate (%) and degree (score) of disease in the skin of rambutan fruits:  

The Table 1 showed that the rate of disease under 10% on the 5
th

 days, increased in range 

(34,38-95,84)% and (51,81-100)% of the 10
th

 and 13
th

 days of storage time, respectively. The 

degree of disease also has the same trend, in the range (0-0,15) score on the 5
th 

days, (1,29-4,37) 

score and (2-4,93) score on the 10
th

 and 13
th

 days post-treatment, respectively. Interactions between 

the method of packaging and irradiation had not significant differences at the level of 5%. 

Rambutan fruits were treated by irradiated at 200-500 Gy could not limit the fungal diseases 

because the D10 value which dose can kill 90% pathogens in fruits is 1-3 kGy. The disease in the 

skin of fruits increased slightly from 5
th

 to 10
th

 days in storage time and dramatically from 10
th

 to 

13
th 

because of the emergence of disease infected in the former period. The high moisture and 

nutrient inside containing bags were convenient conditions for disease growing the latter period.  

 The external color of the pericarp (including spinterns) (L
*
, a

*
): 

The external color of the fruit pericarp was not significant difference between all treatments 

and decreased in storage time. External appearance for all treatments was acceptable after 5 and 10 

days of storage but unacceptable after 13 days because disease and browning pericarp make 

brightness (L
*
 value) and red skin color (a

*
 value) descending. The obtained results were consistent 

with studies in comparing two methods: irradiation and hot forced air treatment in R167 and R134 

rambutan cultivars showed that irradiation treatment maintained the color outside of the fruits and 

not significant differences with untreated fruits [3]. 

 The weight loss (%): 

The weight loss in the range (0.76-8.12)% after 5 days, had an increase in the range (0.85-

14,77)% and (1.42-16.66)% after 10 and 13 days of storage time, respectively. The weight loss 

values were significant differences between two types of packaging on 5
th, 

10
th 

and 13
th 

of storage 

time. These values for carton boxes + PE 0.5% perforated bags were significantly lower (fruit were 

less intensely weight loss) than those of only carton boxes because the PE 0.5% perforated bags 

could delay the loss of water by respiration of fruits. At 5 days post-treatment carton + PE treatment 

had the weight loss more 7.13 times than PE, this value were 8.21 and 7.55 at 10 and 13 days 

respectively. Between all treatments, the irradiated at 500 Gy and packed with carton boxes lost 

most weight of 14.77% and 16.66% on 10 and 13d in storage time, respectively.  The high dose 

level and package in carton boxes without PE bags could make the aging process quickly, 

increasing the respiration so that the weight loss had a strongly increase. 

3.1.2. The biochemical qualities of pulp 

 The soluble solids (
0
Brix):  

The soluble solids increased slightly during 1-2 days after harvest and storage in the room 

temperature because of the dehydration and then decreased gradually due to the respiration of fruits. 

Table 2 shows the soluble solids decrease of storage time, in the range of (15.50-18.60)
0
Brix on the 

5
th

 day to about (15.50-17.00)
0
Brix on the 10

th
day. As recorded data, there were no significant 
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differences of interaction between packaging factors and irradiation factors. Irradiated at doses less 

than 900 Gy did not affect to the nutritional composition of the fruit inside [2]. Packaging in carton 

+ PE could limit the respiration and weight loss so that decrease the soluble solid value. 

 The titratable acidity (TA, %):  

 Total acid content of all treatments decreased slightly, in the range of (0.74-0,97)% and 

(0.60-0.81)% on the 5
th

 and 10
th

 day during storage time (Table 2). Among irradiation treatments, 

after 5 days storage, the highest total acid content was in control samples (1.06%) and the lowest 

was at 300 Gy irradiated fruits (0.76%) and had significant differences. On the 10
th

 day, the highest 

value of TA is at dose of 300 Gy (0.73%) but no significant differences compared to the other 

treatments. This result is consistent with studies when comparing quarantine by irradiation at 250 

Gy and hot forced air treatment showed rambutan irradiated had the total acid concentration 

decreased more slowly than the other [3].  

The Table 2 shows the vitamin C content tended to decrease during from (7.05-11.68) 

mg.100g
-1

 on 5
th

 d and (7.04-9.87)mg.100g
-1

 on 10
th

 day in post-treatments. There were significant 

differences between two methods packaging and no significant differences between five dose levels 

of irradiation. Among all treatments, the highest vitamin C contents were at 300 Gy and packaging 

carton + PE perforated bags with 11.68 and 9.16 mg.100g
-1

, respectively.  

3.1.3. The rate of membrane ion leakage (%) 

The rate of membrane ion leakage increased in all treatments during time of preservation, 

from the 5
th

 d in the range (52.03-63.76)%, on the 10
th

 d in the range (60.55-72.64)% and (65.74-

74.37)% on the last of storage time. This result means that the shelf-life of rambutan did not 

maintain its quality as the earliest from the 10
th

 d of storage time. No significant differences 

between the total ion leakage of all treatments because irradiation with a low-dose could not affect 

the structure of fruit cell wall. 

It was concluded that Java rambutan which was irradiated at 300 Gy by electron beams, 

packed in carton boxes + PE 0.5% perforated bags had the rate and degree of browning pericarp 

lowest among all treatments. In addition, preservation of carton + PE packaging could reduce the 

loss of fruits rather than just packed in carton boxes. Irradiation treatment did not effect to the 

quality of rambutan by investigating the pulp changes such as the soluble solids, vitamin C, total 

acid content and the rate of membrane ion leakage.  

3.2. The effects of post-harvested treatment and low-dose radiation to quality and 

storage capacity of Java rambutan 

3.2.1. The sensory qualities 

 The rate (%) and degree (score) of pericarp browning:  

The Table 3 showed that treated rambutan (stored at 13
o
C, RH 85-90%) had begun 

browning after 8 days. The rate of pericarp browning under 2.5% on the 8
th

 day, increased 

dramatically less than 4.67% on the 12
th 

day and increased strongly from 4.94% to 25% on 16
th 

day 

after storage. The method of postharvest and irradiation as well as interactions between them had 

not significant difference at 5% on the 8
th

 and 12
th

 day but they had significantly different on the 

16
th

 day of the storage time. The rate of browning at 300Gy combined dipping in hot water and then 

Ca/A.C solutions had the lowest: 0% on 
8th 

day and increased slowly to 4.94% on the 16
th

. The 

highest in the irradiated treatment at 400 Gy: 2.5% on the 8
th

 day, 4.67% on the 12
th

 day and 25% 

on the 16
th 

day, respectively.    

The degree of pericarp browning under 0.06 score on the 8
th 

day, increased to 2.43 score on 

the 12
th 

day and had continued from 0.6 to 4.83 score on the last day of the storage time. Among all 

treatments, the degree of pericarp browning of the rambutan which is dipping in Ca/A.C lowered 
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than others.  Controls through the storage time and among the irradiation treatments, the 300 Gy 

irradiation and packaging carton boxes + PE perforated 0.5% bags gave the lowest rate and degree 

of browning. The method of postharvest and irradiation as well as interactions between them had 

not significant difference at 5% on the 8
th

 and 12
th

 day. 

 The rate (%) and degree (score) of disease in the skin of rambutan fruits:  

The Table 3 showed that the rate of disease in the skin rambutan fruits increased during 

storage time. The rate was in the range (8.83-18.43)% on the 8
th

 days, increased in range (13.27-

40.00)% and (74.17-100)% of the 12
th

 and 16
th

 days of storage time, respectively. The method of 

packaging and irradiation as well as interactions between them had not significant differences at 5% 

on the 8
th

 and 12
th

 day. The disease in the skin of rambutan fruits increased slightly from 8
th

 to 12
th

 

days in storage time and increased dramatically from 12
th

 to 16
th 

because of the emergence of the 

disease infested in the former period.  

The degree of disease in the skin of rambutan less than 0.55 score on the 8
th

, in the range 

(2.34-3.75) on the 12
th

 and increased (3.88-4.93) on the last day of storage time. Among all 

treatments, the rambutan post-harvested by hot water treatment, dipping in Ca/A.C and irradiated at 

300Gy had the lowest degree of disease with 0.16, 2.34 and 3.88 score on the time of evaluation, 

respectively. Treatment irradiated at doses 400 Gy had the highest level of disease with 0.55, 3.75 

and 4.93 score on the 8
th

, 12
th

 and 16
th

 day in storage, respectively. 

 The external color of the pericarp (including spinterns) (L
*
, a

*
): 

The external appearance for all treatments tended to decrease during storage time. Treated 

with hot water and dipping in Ca/A.C could maintain peel color of fruits through L
*
 and a

*
 value. 

Rambutan that treated in Ca/A.C solutions had the brightest color and keeping the original color of 

their pericarp. 

 The weight loss (%): 

The percentage weight loss increased with storage time, in the range (0.64-1.18)% after 8 

days, had an increase in the range (1.24-2.22)% and (1.96-4.07)% after 12 and 16 days of storage 

time, respectively. Rambutan treated by hot water and dipping in Ca/A.C and irradiated at a dose of 

300 Gy had the percentage of weight loss at least (1.96)%, while rambutan irradiated at 400 Gy had 

the largest weight loss (4.07)% on the 16
th

 day of storage time. This can be explained by the 

conjunction calcium-pectate when fruits dipped in Ca/A.C solutions; and radiation at 400 Gy 

increased respiration of fruits resulted in the loss of weight. 

3.2.2. The biochemical qualities of pulp 

 The soluble solids (
0
Brix):  

Table 4 described the soluble solids of rambutan posttreatment decrease of storage time, in 

the range of (16.73-17.47)
0
Brix on the 8

th
 day to about (16.00-17.00)

0
Brix on the 12

th
day, 

significant differences between two factors experiment. This is explained by nutrients in the pulp 

maintained until the 12
th

 day preservation. Among all treatments, the rambutan which irradiated at 

400 Gy had a strongly decrease of the soluble solids.  

 The titratable acidity (%):  

 Total acid content of all treatments fruits decreased slowly in the range (0.81-0.85)% and 

(0.73-0.83)% on the 8
th

 and 12
th

 day during storage time (Table 4). Among irradiation treatments, 

there were not significant differences until 12 days after storage because combining between 

postharvest handling and irradiation did not increase the aging process of the fruit itself. 

 Vitamin C content of Java rambutan also decreased with storage time, in the range 

(4.36-5.77) mg.100g
-1

 on the 8
th

 day and between (3.29-5.07)mg.100g
-1

 on the 12
th

 day post-
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treatments. No significant differences between pretreatment methods and their interaction had 

significant differences. Among all treatments, the highest vitamin C contents in fruits dipping in 

Ca/A.C solutions and irradiated at 300 Gy and packaging carton + PE perforated bags was 5.77 and 

5.07 mg.100g
-1

on the 12
th

 and 16
th

 day, respectively.  

3.2.3. The rate of membrane ion leakage (%) 

The rate of membrane ion leakage increased in all treatments over time preservation because 

of the decrease of cell wall structure. Table 3 showed that this value was in the range (42.50-

48.41)% on the 8
th

 day, on the 10
th

 day in the range (53.23-61.50)% and (53.64-64.92)% on the last 

of storage time. No significant differences between the total ion leakage of all treatments on the 8
th

 

day but significant difference on others days during storage time. Compared with controls, hot 

water treatment and dipping in Ca/A.C solutions were capable of limiting membrane ion leakage 

until 16 days.  

4. CONCLUSIONS 

Combination of post harvested treatments and quarantine irradiation could keep the sensory 

and biochemical pulp quality of Java rambutan during storage. Fruits treated by hot water and 

dipping in Ca/A.C before irradiated at 300 Gy by electron beams could prolong the its shelf-life 

more 4 days in 13
o
C, RH=85-90% compared to non-treatment. 
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Table 1: The effects of packaged and low-dose irradiated treatment to the rate and degree of pericarp browning, the rate and degree of disease, the 

weight loss of rambutan (storaged in 13
o
C, RH=85-90%). 

Packagi

ng (A) 

Dose 

(B) 

The rate of pericarp 

browning                            

(%) 

The degree of 

pericarp browning 

(score) 

The rate of disease                

(%) 

The degree of disease 

(score) 

The weight loss               

(%) 

5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 

Carton  200 Gy 2.5 37.50  53.13  0.025 0.42  2.56 5 34.38  65.63 c 0.125 1.35  2.66 cd 8.12  12.30  15.63  

300 Gy 2.5 11.46  14.59  0.025 0.20  1.88 0  35.42  63.54 c 0 1.29  2.22 d 6.16  10.93  16.26  

400 Gy 2.5 16.67  51.05  0.025 1.99  4  2.5  51.05  85.42 ab 0.025 2.26  4.27 ab 6.90  12.29  14.13  

500 Gy 2.5 42.71  100  0.025 2.35  4  0  88.54  85.42 ab 0 3.91  4.27 ab 7.61  14.77  16.66  

Control 2.5 62.50  100  0.025 2.59 3.90  2.5  75.00  77.08 ab 0.025 2.53  3.24 c 6.54  10.93  15.81  

Carton + 

PE 

200 Gy 0 11.25 11.46  0 0.41  0.41  0 95.84  93.75 a 0 3.70  4.69 a 0.84  2.37  2.71  

300 Gy 0 4.17  4.25  0 0.13  0.20  2.5  42.71  51.81 d 0.025 1.66  2.00d 0.76  0.85  1.42  

400 Gy 0 7.29  14.58  0 0.25  0.71  10  92.71  100 a 0.15 4.37  4.74 a 1.12  1.05  0.92  

500 Gy 0 13.38  19.79  0 0.27  0.66  0  86.63  100 a 0 3.91  4.93 a 0.96  1.40  2.75  

Control 0 28.13  54.17  0 2.21  1.41  10  68.75  89.59 ab 0.125 1.61 3.42 bc 1.31  1.82  2.62  

CV (%) 27.34 22.22 14.50 23.63 15.26 12.75 33.23 11.12 9.04 37.89 17.77 11.56 29.22 11.57 18.97 

A  ns * * ns * * ns ns ns ns ns ns * * * 

B  ns * * ns * * ns ns ns ns ns ns ns * ns 

A*B  ns * * ns * * ns ns ns ns ns ns ns * ns 

ns, *: non significant and significant at  p≤ 0.05 
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Table 2: The effects of packaged and low-dose irradiated treatment to the soluble solids, the titratable acidity, the ascorbic acid content, the external 

color of pericarp (L
*
 and a

*
) and the rate of membrane ion leakage of rambutan (storaged in 13

0
C, RH=85-90%). 

 

 

 

Packaging 

(A) 

Dose 

(B) 

The soluble 

solids (
0
Brix) 

The titratable 

acidity                          

(%) 

The ascorbic 

acid content 

(mg.100g
-1

) 

L
*
 a

*
 

The rate of membrane 

ion leakage                               

(%) 

  5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 5
th

 10
th

 13
th

 

Carton  200 Gy 16.50  16.00 0.62 0.92 bc 7.85  7.74  39.18  34.21 32.32 22.04  19.36 19.85 53.81 57.92  60.55  

300 Gy 17.50 17.00 0.66 0.85 cde 8.96  8.66  42.66  34.48  31.12  22.79  19.20 19.36 47.94 59.76  60.77  

400 Gy 17.00  16.25 0.64 0.89 bcd 7.05  7.04  37.94  32.38 29.87  22.31  21.26  17.93 51.49  54.87  61.95  

500 Gy 

18.60  16.50 0.81 0.74 ef 8.96  8.86  38.07  30.34 29.80  22.04  16.54  17.52 54.18  

   

54.38  

61,53a   

61.53  

Control 16.90  17.00 0.78 1.15 a 9.77  8.96  37.86  33.29  33.26  20.70  15.58  18.10 53.76  55.16  65.60  

Carton + 

PE 

200 Gy 15.60  17.00 0.66 0.89 bcd 9.87  8.36  38.58  35.74  29.14  21.23 16.43 16.99 47.60 49.27  53.37  

300 Gy 18.60  16.50 0.60 0.73 f 11.68  8.86  39.08  34.03  32.07   24.23  21.28  16.96 56.57  54.64  72.74  

400 Gy 16.90  16.25 0.63 0.79 def 10.67  9.16  36.87  28.87  30.64  20.85 18.25  15.95 53.90  54.37  79.43  

500 Gy 16.25  15.50 0.65 0.78 ef 10.47  9.87  37.08 31.29  30.47  21.23 19.58  16.42 57.01  59.70  62.75  

Control 17.25  16.75 0.64 0.97 b 9.46  8.66  38.35  35.09  32.38  19.70  16.11  17.37 52.02  57.17  60.52  

CV (%)  4.26 5.66 15.41 5.47 9.15 11.11 4.94 5.07 6.27 7.26 10.08 7.54 6.05 7.28 17.60 

A  ns ns ns * * * ns ns * ns * * ns ns ns 

B  ns ns ns * ns ns ns ns ns ns ns ns ns ns ns 

A*B  ns ns ns * ns ns ns ns * ns * ns ns ns ns 
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Table 3: The effects of pre-irradiated treatment and low-dose irradiation to the rate and degree of pericarp browning,  the rate and degree of disease, 

the weight loss of rambutan (storaged in 13
0
C, RH 80-85%) 

Dose      

(A) 

Pre-radiated  

(B) 

The rate of pericarp 

browning                                     

(%) 

The degree of 

pericarp browning 

(score) 

The rate of disease      

(%) 

The degree of disease 

(score) 

The weight loss                      

(%) 

  8
th 

12
th 

16
th 

8
th 

12
th 

16
th 

8
th 

12
th 

16
th 

8
th 

12
th 

16
th 

8
th 

12
th 

16
th 

300 Gy Control 2.50 6.67 15.83ab 0.05 0.8ab 2.7ab 18.43 25.83 98.33 0.33 3.63 4.87a 1.10 2.22 2.89bc 

T
0
 + MCP 0.00 4.17 5.00b 0.00 0.5ab 1.8ab 18.07 21.67 95.83 0.25 3.31 4.42ab 1.15 2.20 3.27ab 

T
0
 + Ca/A.C 0.00 0.00 4.94b 0.00 0b 0.6b 8.83 13.27 74.17 0.16 2.34 3.88b 1.09 1.62 1.96d 

T
0
 + Ca/A.C 

+ MCP 0.00 1.67 5.00b 0.00 0b 0.7b 9.93 23.33 87.50 0.20 2.75 4.69a 0.64 1.24 2.08cd 

400 Gy Control 2.50 4.17 25.00a 0.06a 2.4a 4.8a 20.23 40 100 0.55 3.75 4.93a 0.78 1.95 3.13b 

T
0
 + MCP 0.83 1.67ab 5.83b 0.00 1ab 2.1ab 18.33 25.83 95.83 0.28 3.21 4.55ab 0.98 1.91 3.23ab 

T
0
 + Ca/A.C 0.00 0.00 5.00b 0.00 0.4b 0.7b 10.87 14.19 98.33 0.17 3.34 4.83a 1.18 2.15 4.07a 

T
0
 + Ca/A.C 

+ MCP 0.00 0.00 10.00b 0.00 0.5ab 2.2ab 12.42 17.50 90.83 0.27 2.82  4.89a 0.97 1.53 2.87bc 

CV (%) 29.97 27.66 34.74 29.73 27.8

6 

19.69 17.75 57.97 6.88 33.65 12.90 9.09 38.18 36.34 17.10 

A ns ns ns ns ns ns ns ns ns ns ns ns ns ns * 

B ns * * ns * * ns * ns ns * ns ns ns * 

A*B ns ns * ns ns * ns * ns ns * ns ns ns * 
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Table 4: The effects of pre-radiated treatment and low-dose irradiated to the soluble solids, the titratable acidity, the ascorbic acid content, the 

external color of pericarp (L
*
 and a

*
) and the rate of membrane ion leakage of rambutan (storaged in 13

0
C, RH 80-85%). 

Dose 

(A) 

Pre-radiated  

(B) 

The soluble 

solids (
0
Brix) 

The titratable 

acidity (%) 

The ascorbic acid 

content (mg.100g
-1

) 

L
*
 a

*
 The rate of membrane 

ion leakage (%) 

  8
th 

12
th 

8
th 

12
th 

8
th 

12
th 

8
th 

12
th 

16
th 

8
th 

12
th 

16
th 

8
th 

12
th 

16
th 

300 Gy Control 16.73 16.00 0.79 0.85 4.70 2.89 34.23 29.26 26.54 22.54 15.77 14.31 48.37 56.69 64,92 

T
0
 + MCP 17.27 16.67 0.81 0.77 4.43 3.56 36.33 32.73 25.02 21.06 19.62 13.53 43.17 54.77 56,49 

T
0
 + Ca/A.C 17.47 17.00 0.84 0.73 5.77 5.07 37.85 34.09 29.77 26.21 20.25 15.99 42.50 53.23 53,64 

T
0
 + Ca/A.C 

+ MCP 17.00 16.80 0.83 0.82 4.43 3.59 37.50 32.16 25.99 24.85 19.95 14.12 44.69 55.96 57,03 

400 Gy Control 16.93 16.07 0.83 0.85 4.36 3.39 34.39 29.54 25.13 23.32 20.25 13.91 48.12 61.50 63,09 

T
0
 + MCP 16.93 16.47 0.82 0.82 4.43 3.40 37.37 28.53 26.74 22.53 18.20 13.64 48.41 61.33 63,96 

T
0
 + Ca/A.C 17.00 16.60 0.85 0.77 4.36 4.09 36.49 26.82 25.75 22.03 18.47 13.44 45.45 56.59 57,53 

T
0
 + Ca/A.C 

+ MCP 16.90 16.40 0.83 0.83 4.70 3.39 35.38 25.91 25.73 21.09 16.02 11.50 45.22 57.33 62,27 

CV(%) 1.31 2.55 4.37 4.55 12.01 18.83 4.00 5.81 6.92 6.96 8.30 12.20 7.07 5.87 6.28 

A ns ns ns ns ns ns * * * * ns ns ns * * 

B * * ns ns ns * ns * * * * ns ns ns * 

A*B ns * ns ns ns * * * * * * ns ns * * 

 


