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Abstract 

This study was conducted to determine the effects of hot water temperature, time of submergence and storage 
duration on dragon fruit (Hylocereus polyrhizus). Fresh harvested dragon fruits were treated with hot water 
temperatures at 35, 45 and 60 C and time of submergence for 15, 30 and 60 minutes for 0, 5, 10 and 15 days of 
storage. The result showed that the hot water temperature significantly affected (p<0.05) the percentage of 
weight loss, titratable acidity (TA) and firmness of dragon fruit. The highest percentage of weight loss (12.80 %) 
was the fruit treated with hot water at 60˚C and submergence for 60 minutes whereas the lowest percentage of 
weight loss (5.05 %) was the fruit treated with hot water at 35 ˚C for 60 minutes. Dragon fruit treated with hot 
water at 35 ˚C has high percentage of TA, 2.44 %. Fruit which was submergence in hot water at 35 ˚C showed 
the highest fruit firmness. The result also showed that the interaction between the three factors significantly 
affected (p<0.05) the percentage of weight loss, TA and pH of the fruits. TA decreased and pH increased for the 
fruit treated with hot water at 35 ˚C and submergence for 60 minutes. The interaction between hot water 
temperature at 35 ˚C and time of submergence for 60 minutes effectively reduced the weight loss and acidity of 
the dragon fruit (p<0.05). The shelf life and quality of dragon fruits can be extended using proper submergence 
time of hot water treatment.  
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1. Introduction 

Dragon fruit (Hylocereus spp.) has an attractive color and shape and is rich in fiber, vitamin C and minerals 
(Morton, 1987). It also has phytoalbumins which are highly valued for their antioxidant properties. It has less 
sugar content than most popular tropical fruits, and thus is more suitable to diabetics and high blood pressure 
patients. These attributes have led people to consider it as a health fruit and this is one of the reasons why it 
commands a premium price (Le et al., 2000).  

Locally, fruits are sold mainly for fresh consumption. The deterioration of physical appearance and damages due 
to disease attacks on fruits after keeping for a few days under ambient conditions could render losses in value 
and spoilage. These losses are costly to retailers for such a high valued fruit. There is growing demand for 
dragon fruit in nearby countries such as China, Hong Kong and Singapore. It has good potential to be exported to 
European countries, as they like its taste.  

Hot water treatments of fruit following harvest have been demonstrated to protect horticulture produces against 
post harvest decay (Wills et al., 1989, Lurie, 1998, Ferguson et al., 2000, Fallik et al., 2001, Vicente et al., 2002, 
Lana at al., 2005, Ho et al., 2006). The mode of action of the hot water treatments may be through the impact of the 
heat to kill the pathogens directly or indirectly on horticulture produces (Lurie et al., 1996). Heat treatment 
technologies are currently a relatively simple, non-chemical alternative to methyl bromide that can kill quarantine 
pests in perishable commodities, as well as control some post harvest diseases. Unlike methyl bromide, heat 
treatments do not pose significant health risks from chemical residues and, as a result, are more appealing to 
consumers than methyl bromide fumigation (Irtwange, 2006). 

This study was focused on the postharvest handling on the shelf life of dragon fruit using hot water treatment. 
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Increasing its shelf life not only reduce spoilage locally but also augers well for marketing it overseas. The 
objective of the present study was to determine the effects of hot water temperature, submergence time and 
storage duration on the physical and chemical quality of dragon fruit. 

2. Materials and Methods 

2.1 Plant materials 

Dragon fruits with maturity index of 4, undamaged, free from apparent pathogen infection and were uniformed 
in shape; weight and color were selected and harvested from Luyang, Sabah, and carefully transported to 
Laboratory, Universiti Malaysia Sabah, Malaysia. When arrived, the fruits were washed with distilled water and 
dried. 

2.2 Hot water treatment 

The dragon fruits were submergenced in temperature-controlled water bath with different hot water temperatures 
and time of submergences. The hot water temperatures used in this study were 35 °C, 45 °C and 60 °C, and the 
time of submergences were 15, 30 and 60 minutes. 

2.3 Storage duration 

All treated and untreated dragon fruits were stored at 25 °C for 5, 10 and 15 days. 

2.4 Quality assessments 

The percentages of weight loss of dragon fruits were determined after the storage durations. Soluble solid 
concentrations of the fruits were determined using a refractometer. Titratable acidity of the fruit was determined 
through titration method. The pH of the fruit was measured by pH meter, and the firmness was determined using 
a penetrometer. 

2.5 Data analysis 

Each treatment was applied to three replicates of three fruits per each. Analysis of variance (ANOVA) of 
Statistics package for Science Social (SPSS) was conducted to determine the differences between each treatment. 

3. Results and Discussion 

3.1 Effect of hot water temperature, time of submergences and storage period on fruit weight loss 

The percentage of weight loss in dragon fruit was increased significantly (p<0.05) as the hot water temperature 
(Figure 1) and storage period (Figure 2) increased (Table 1). This is the natural characteristic for horticulture 
commodity. When the fruit is harvest, it no longer depends on its root system. Therefore, water loss in fruit 
cannot be replaced from the root (Pantastico et al., 1995). Weight loss in guava fruit also increased when the 
storage period from day one to day eight (Renato et al., 2005).  

Longer submerging time will cause the water to enter the fruit cells and results the cells will full with water. 
Thus, the fruit weight will increase and the fruit weight lost percentage will decrease. The interaction between 
hot water temperature and the period of submerging will also influence the weight loss of dragon fruit. Fruit that 
submergence for 60 minutes at 60 °C has the highest weight loss percentage (15.06 %). High temperature is the 
cause of the high weight loss (Smock et al., 1977). 

3.2 Effect of hot water temperature, time of submergences and storage period on fruit soluble solid concentration 

The soluble solid concentration of fruit was increased significantly (p<0.05) as the storage period increased 
(Table 1; Figure 3). SSC of dragon fruit has showed increment from day 0 to day 15, from 8.88 % °Brix to 
12.75 % °Brix (Figure 3). Dragon fruit at ripeness index 4 is a fruit that has encountered ripeness ranking from 
31 to 32 days. At 25 to 30 days after blooming, SSC will increase to approximately 14 % °Brix (Nerd et al., 1999; 
Le et al., 2000). SSC has decreased from day 15 to day 20. Decreasing of SSC in fruit is because of the absence 
of starch to convert into sugar (Dull, 1971). Sugar content in fruit is come from the whole fruit (Rohrbach et al., 
2003). 

There were relationship among soluble solid, titratable acid and fruit pH. For 5 days storage period, soluble solid 
content increased, percentage of titratable acid decreased and pH value increased. High soluble solid in fruit is 
because of there was plenty of starch in fruit to convert into sugar. High sugar content will cause fruit acid 
content decrease and the pH value will increase. 

3.3 Effect of hot water temperature, time of submergences and storage period on fruit titratable acid 

Titratable acid found in fruit is citric acid. Citric acid is produced and used during fruit maturity process. This 
study has showed titratable acid percentage will decrease when submergence at temperature 35 °C to 45 °C 
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(Figure 4). The percentage of titratable acid has decreased after treating with hot water and this result is similar 
to other fruits such as apple, grape and tomato studied by Vicente et al. (2002). Titratable acid in dragon fruit 
was also descending as the storage period increased (Figure 5). Long storage period will cause decrease in 
titratable acid in dragon fruit. Process of converting starch into sugar also may cause the decrease in titratable 
acid in fruit. Descending in titratable acid was caused by temperature that increase the respiration rate will 
therefore using the organic acid as substrate for respiration process (Vicente et al., 2002). 

3.4 Effect of hot water temperature, time of submergences and storage period on fruit pH 

The pH value decrease as the time of submergences increased (Figure 6). Even though the respiration rate is low 
inside the fruit, prolong submerging and storing period will also cause changes to the level of organic acid 
(Echeverria dan Valich, 1988). Vacuolar ATPase (V-ATPase) and vacuolar phyrophosphatase (V-PPase) catalyze 
translocation of electrogenic H+ from cytosol to lumen vascular to produce acid pH inside fruit, and this activity 
is important in production of energy during acid descending inside fruit (Marsh et al., 2001). Dragon fruit soaked 
for 15 minutes at 60°C will have high pH value compare to those at 35 and 45 °C. Treatment at high temperature 
will cause severe damage on fruit respiration metabolism, thus descending in respiration rate (Lurie, 1998). 
When, the respiration rate descending, the H+ ion become respiration energy source will be low. Low in H+ ion 
will have high pH value. The fruit submergence in hot water at 35 and 45 °C has high pH value (Figure 6). High 
pH value is because of low H+ ion inside the fruit. Free H+ ion is an important source for respiration energy 
inside plant cells (Smock et al., 1977). 

The pH value also showed increase as prolong the storage period (Figure 7). The pH value increased as the 
storage period prolongs (Wills et al., 1989). The pH value increased is because of the increase of microbial 
population inside the fruit (Zhou et al., 2006). Fruit submergence for 15 minutes has showed high pH value for 5 
days storage. This is also because of low in H+ ion inside the fruit. Even for that submergence for 30 minutes 
also showed increment in pH value for storage from zero days to day 10. Prolong submerging and storage period 
caused the respiration rate inside the fruit descending and increase in pH value. The pH value increase as the 
storage period prolongs (Wills et al., 1989). 

3.5 Effect of hot water temperature, time of submergences and storage period on fruit firmness 

Increasing of hot water temperature and storage period has showed decrease in dragon fruit firmness 
significantly (Table 1; Figure 8). Disturbance in cell structure and membrane damaged on fruit which soaked in 
high water temperature will be the source of decreasing in fruit firmness (Wills et al., 1989). Longer time of 
submergence and storage period also showed decreasing in fruit firmness (Figure 9). Fruit structure will decline 
when long storage period (Rohrbach et al., 2003). The results showed that fruit submergence for 15 and 30 
minutes will decrease in firmness. However, when the fruit submergence for 60 minute, fruit firmness will 
increase as the storage period longer (Figure 9). Normally, long submerging time will cause the water to go into 
the fruit cells and the fruit become soft. But, reverse reaction occurred when submerging for 60 minutes. This 
may due to vary of factors such as surrounding environment before harvesting, physiology age of a commodity 
and plenty more (Luria, 1998). ‘Eldorado’ pir still maintain its firmness although has store for a long period 
(Wang et al., 1985). Fruit that submergence for 15 and 30 minutes, decrease in firmness during storage period 
may be caused by abnormal metabolism process. Fruit structure decline fast during storage period (Pantastico et 
al., 1995). 

4. Conclusion 

There is significance different between the treatments on the quality of dragon fruits. The interaction of hot water 
treatment, time of submergences and storage duration were affected the weight loss, titratable acidity and pH of 
the treated dragon fruits significantly (p<0.05). 

References 

Dull, G. G. (1971). The Pineapple: General. In: Holme, A. C. (editor), The Biochemistry of Fruits and Their 
Products, Academic Press. London, 303-324. 

Echeverria E. D. and Valich J. (1988). Carbohydrate and enzyme distribution in protoplasts from ‘Valencia’ 
orange juice sacs. Phytochemistry, 27, 73–76. 

Fallik, E. Tuvia-Alkalai, S., Feng, X. and Lurie, S. (2001). Ripening characterisation and decay development of 
stored apples after a short pre-storage hot water rinsing and brushing. Innovative Food Sciences & Emerging 
Technologies, 2, 127-132.  

Ferguson, I. B., Ben-Yehoshua, S., Mitcham, E. J., and McDonald, R. E. (2000). Postharvest heat treatments: 



www.ccsenet.org/jas                     Journal of Agricultural Science                 Vol. 3, No. 1; March 2011 

Published by Canadian Center of Science and Education 149

introduction and workshop summary. Postharvest Biology and Technology, 21, 1-6. 

Irtwange, S. V. (2006). Hot Water Treatment: A Non-Chemical Alternative in Keeping Quality During 
Postharvest Handling of Citrus Fruits. Agricultural Engineering International: the CIGR E-journal, 5(8), 10. 

Lana, M. M., Tijskens, L. M. M. and Kooten, O. van. (2005). Effect of storage temperature and fruit ripening on 
firmness of fresh-cut tomatoes. Postharvest Biology and Technology, 35, 87-95. 

Le, V. T., Nguyen, N., Nguyen, D.D., Dang, K. T., Nguyen, T. N. C., Dang, M. V. H., Chau, N. H. and Trink., N. 
L. (2000). Quality assurance system for dragon fruit. ACIAR Proceedings, 100, 101-114. 

Lurie S., Fallik, E. and Klein J. D. (1996). The effect of heat treatment on apple epicuticular wax and calcium 
uptake. Postharvest Biology and Technology, 8, 271-277.  

Lurie, S. (1998). Postharvest heat treatments. Postharvest Biology and Technology, 14, 257-269.  

Marsh, K. B., Gonźalez, P. G. and Echeverría, E. (2001). Partial characterization of H+-translocating inorganic 
pyrophosphatase from 3 citrus varieties differing in vacuolar pH. Plant Physiology, 111, 519–526. 

Mizrahi, Y., Nerd, A. and Nobel, P.S. (1997). Cacti as crops. Horticulture Reviews, 18, 291-319. 

Morton, J. (1987). Strawberry Pear. In: Fruits of warm climates, 347-348. 

Nerd, A., Gutman, F. and Mizrahi, Y. (1999). Ripening and postharverst behaviour of fruits of two Hylocereus 
species (Cactacea). Postharvest Biology and Technology, 17, 39-45. 

Pantastico, E. B., Chattpopadhyay, T. K and Subramanyam, H. (1995). Penyimpanan dan Operasi Penyimpanan 
Secara Komersial. In: Pantastico, E. B., Fisiologi Lepas Tuai: Pengendalian dan Pengunaan Buah-Buahan dan 
Sayur-Sayuran Tropika dan Subtropika. DBP, Malaysia, 316-342.  

Renato, M. P., William, N. and José, A. A. (2005). Liming and quality of guava fruit  cultivated in Brazil. 
Journal of Science Horticulture, 106, 91-102. 

Rico, D., Martin-Diana, A. B., Barat, J. M. and Barry-Ryan, C. (2007). Extending and measuring the quality of 
fresh-cut fruit and vegetables: A review. Trends in Food Science & Technology, 18, 373-386. 

Rohrbach, K. G., Leal, F. and d’Eeckenbrugge, G. C. (2003). History, distribution and World Productoin. In: 
Bartholomew, D. B., Paull, R. E., and Rohrbach, K. G. The Pineapple: Botany, Production and Uses. CABI 
Publishing, UK, 1-23. 

Smock, R. M. (1977). Nomenclature for internal storage disorders of apple. Horticulture Science, 12, 306-308. 

Soliva-Fortuny, R. C. and Martín-Belloso, O. (2003). New advances in extending the shelf-life of fresh-cut fruits: 
A review. Trends in Food Science & Technology, 14(9): 341-353. 

Vicente A. R., Martínez G. A., Civello R. M. and Chaves A. R. (2002). Quality of heat-treated strawberry fruit 
during refrigerated storage, Postharvest Biology and Technology, 25, 59–71. 

Wang C. Y., Sams C. E. and Gross K. C. (1985). Ethylene, ACC, soluble polyuronide, and cell wall 
non-cellulosic neutral sugar content in ‘Eldorado’ pears during cold storage and ripening. Journal of American 
Society for Horticulture Science, 110, 687–691. 

Wills. R. B., Lee, T. H., Graham, D., McGalsson, W. B. and Hall, E. G. (1989). Postharvest. An Introduction to 
the Physiology and Handling of Fruits and Vegetables. Australia: N. S. W. University Press.  

Yahia, E. M., Barry-Ryan, C. and Dris, R. (2004). Treatments and techniques to minimize the postharvest losses 
of perishable food crops. Production Practices and Quality Assessment of Food Crops, 95-133.  

Zhou, B., McEvoy, J., Luo, Y., Saftner, R., Feng, H. and Beltran, T. (2006). Application of 1-methylcyclopropene 
reverses the deleterious effect of exogenous ethylene on fresh-cut watermelon and controls microbial growth. 
Journal of Food Science, 71, 180-184. 



www.ccsenet.org/jas                     Journal of Agricultural Science                 Vol. 3, No. 1; March 2011 

                                                          ISSN 1916-9752   E-ISSN 1916-9760 150

Table 1. The effects of hot water treatments (HW), time of submergences (TS), and storage durations (SD) on the 
percentage of weight loss (%), soluble solid concentration (%), titratable acidity (%), pH and firmness (N) of 
dragon fruits (Hylocereus polyrhyzus) 

* = significance; NS = Not significance 

Results are means of three replicates of three fruits each 

Values with the same letter(s) are not significantly different (p>0.05) 
 

Figure 1. Effect of hot water temperature and time of 
submergence on fruit weight loss  

Figure 2. Effect of hot water temperature and storage 
period on fruit weight loss  

 

Treatment Weight loss (%) Soluble solid 

concentration (%)

Titratable 

acidity (%)

pH Firmness (N) 

HW (˚C) 

Control 

35 

45 

60 

Significance 

 

10.52c 

5.85a 

8.09b 

13.75d 

* 

 

11.83b 

11.01a 

10.32a 

10.31a 

NS 

 

1.39a 

2.44c 

2.10b 

2.33c 

* 

 

5.66b 

5.53ab

5.47a 

5.43a 

NS 

 

149.10c 

145.20c 

113.01b 

83.11a 

* 

TS (min) 

0 (control) 

15 

30 

60 

Significance 

 

11.01b 

10.19b 

8.71a 

8.79a 

* 

 

10.50a 

10.47a 

10.55a 

10.62a 

NS 

 

2.28b 

2.26b 

2.19b 

2.41b 

NS 

 

5.58b 

5.56b 

5.52b 

5.35a 

* 

 

124.01a 

123.88a 

113.08a 

104.35a 

NS 

SD (days) 

0 

5 

10 

15 

Significance 

 

4.63a 

4.62a 

10.62b 

21.14c 

* 

 

8.88a 

12.75c 

10.30b 

10.86b 

* 

 

3.90b 

1.53a 

1.63a 

1.49a 

* 

 

4.48a 

5.88b 

5.82b 

5.94b 

* 

 

134.38b 

141.54b 

96.54a 

89.47a 

* 

Interaction 

HW X TS 

HW X SD 

TS X SD 

HW X TS X SD 

 

* 

* 

* 

* 

 

NS 

NS 

NS 

NS 

 

* 

* 

* 

* 

 

* 

* 

* 

* 

 

NS 

* 

* 

NS 
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Figure 3. Effect of storage period on fruit soluble solid concentration 

Values with the same letter(s) are not significantly different (p>0.05) 

Figure 4. Effect of hot water temperature and time of 
submergences on fruit titratable acid 

Figure 5. Effect of hot water temperature and storage 
period on fruit titratable acid 

 

Figure 6. Effect of hot water temperature and time of 
submergences on fruit pH 

Figure 7. Effect of hot water temperature and storage 
period on fruit pH 
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Figure 8. Effect of hot water temperature and storage 
period on fruit firmness 

Figure 9. Effect of time of submergences and storage 
period on fruit firmness 

Results are means of three replicates of three fruits each 
 

 

 

 

 

 


