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Abstract 
The physicochemical quality and inactivation of polyphenol oxidase (PPO), peroxidase (POD) in dried longan 
with high power ultrasonic pretreatment was investigated. Effect of high power ultrasonication was compared 
with a traditional chemical pretreatment with potassium metabisulfite and non-pretreatment. Chemical qualities, 
such as aw, MC, TSS, and TA of the ultrasonic pretreated dried longan samples were significantly lower than 
those of the control samples (P≤0.05), whereas their pH were higher than those of the control samples. Increase 
in ultrasonication time resulted in decreases of aw, MC, TSS, and TA, but an increase of pH. The firmness, 
lightness (L*), and yellowness (b*) values increased and redness (a*) values decreased when the sample was 
pretreated with increasing ultrasonication time. The application of high power ultrasonic pretreatment for 10, 20, 
and 30 min could reduce PPO activity by 49.99%, 57.18%, and 70.68%, and POD activity by 47.63%, 86.16%, 
and 94.06%, respectively. The PPO and POD activities were significantly decreased with increasing 
ultrasonication time. Panelists were most satisfied with sensory properties of the dried longan with 30 min of 
high power ultrasonic pretreatment. 
Keywords: longan, high power ultrasound, enzymatic inactivation, drying 
1. Introduction 
Longan (DimocarpuslonganLour.) is a well-known commercial crop in northern Thailand. Its fruits are 
commonly processed into dried products for export, mainly to China (Achariyaviriyaet al., 2001; Janjaiet al., 
2007). The longan fruit is processed in the form of dried longan as a high value-added product. However, a 
major problem of the dried-longan pulp products is an extreme short shelf life due to the enzymatic and 
non-enzymatic browning reactions during processing and storage. The enzymatic browning reactions are 
important problem in the dehydrated fruit and vegetable products because they often produce undesirable 
colorsand flavors (Shewfelt, 1987). This reaction is due to oxidation of phenolic compounds caused by 
polyphenol oxidase (PPO) and peroxidase (POD), and further produces brown pigments. Currently, there are 
different chemical agents used to control the enzymatic browning such as phenolic acids, sulfites, ascorbic acid 
and cysteine (Pongsakul et al., 2006). However, these chemical agents, especially bisulfites, are dangerous for 
human health because of acute allergic reaction. Thus, alternative treatments without toxic effects are required. 
One of the alternative methods to inactivate enzymes are pre-drying treatment. Pre-drying treatments are 
commonly applied in order to minimise adverse changes during drying and to achieve faster, more effective 
drying and extended storage life. High power ultrasonic pretreatment has been a practical interest in many 
processes. High power ultrasound has been applied in pretreatment for common dehydration (Rodrigues & 
Fernandes, 2007; Fernandes et al., 2008a). High power ultrasound can increase the effectiveness of enzymatic 
inactivation by heat and has been demonstrated in enzymes derived from plants (horseradish peroxidase, 
watercress peroxidase, mushroom polyphenol oxidase, and orange pectinmethylesterase), animal tissues (porcine 
heart malate dehydrogenase, rabbit muscle L-lactic dehydrogenase, and trypsin), microorganisms (Pseudomonas 
fluorescenslipase and protease, alcohol dehydrogenase, and β-galactosidase from Escherichia coli), and milk 
(bovine lactoperoxidase, alkaline phosphatase, and lactoperoxidase). The stabilityof individual proteins varies 
among enzyme types and also depends on ultrasonic treatment conditions, the composition of the treatment 
medium, treatment pH, and whether they are bound (e.g., membrane-bound proteins) or free (e.g., cytoplasmic 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; 2012 

300 
 

proteins). Enzymatic inactivation generally increases with increasing ultrasonic power, frequency, amplitude, 
exposure time, cavitation intensity, processing temperature, and processing pressure, but decreases with 
increasing treatment volume (Torley & Bhandari, 2007). 
The effectiveness of ultrasound frequency, time and intensity tends to depend on the particular combination of 
materials, drying conditions and ultrasound systems (Da-Mota & Palau, 1999). Under exposure to high power 
ultrasound, structure of plant tissue can be modified. Subsequently, the effective moisture diffusion rate is 
increased during drying. This is due to microchannel generation during alternative compressions and expansions 
exerted by the ultrasonic waves (de la Fuente-Blanco et al., 2006). These microchannels facilitate moisture 
transfer during drying (Fernandes et al., 2010). The combination of ultrasound and air drying has been shown to 
increase the rate of drying in various products, including carrot (Gallego-Juarez et al., 1999), apple (Simal et al., 
1998; Cárcel et al., 2007), melon (Fernandes et al., 2008a), papaya (Fernandes et al., 2008b), banana (Fernandes 
& Rodrigues, 2007) and pineapple (Fernandes et al., 2009). Ultrasonic pretreatment was found to increase water 
diffusivity of fruits during drying (Fernandes & Rodrigues, 2007). Therefore, this pretreatment can also be an 
alternative process to produce dried longan. 
This research investigated the use of high power ultrasound for pretreatment of longan prior to air-drying.With 
possible improvements on product quality attributes and drying process efficiency, pretreatment with high power 
ultrasound exhibits a great potential to be used for longan drying. It is expected that the pretreatment will assist 
in enzymatic inactivation and improve qualities of the dried longan. 
2. Materials and Methods 
2.1 Preparation of Samples 
Longan (Dimocarpus longan Lour.) cv. Daw fruits with AA size (diameter about 3 cm) was seeded, peeled and 
washed. The sample contained approximately 15 Brix of total soluble solid. 3,000 ppm potassium metabisulfite 
(KMS) was used for 5 min pretreatment (Attabhanyo & Tiampakdee, 1998). Samples were freshly prepared for 
each treatment. 
2.2 High Power Ultrasonic Pretreatment 
Peeled longans were sonicated for 10, 20, and 30 min using a high intensity ultrasonic processor (VC 130, USA.) 
with ultrasonic probe system at 130 Wand low frequency (20 kHz). The probe was immersed in distilled water 
containing the sample and the sample was circulated during the treatment by a magnetic stirrer. Final 
temperature of the liquid medium reached 29oC, 31oC, and 32.5oC after 10, 20, and 30 min ultrasonication, 
respectively. At the end of the high power ultrasonic pretreatment, the samples were drained and gently blotted 
with absorbent paper and transferred to hot air drying process. The sample not subjected to the ultrasound 
treatment was used as a control sample. 
2.3 Hot Air Drying 
The pretreated and control samples were dried in a hot air dryer (Tray dryer, Navaloy, Thailand) at 60°C and air 
velocity of 0.5 m/s. MC of the samples during drying was measured by weighing the fruit samples at every 10 
min for the first 3 hr of drying and then at every 30 min until reaching constant weight. The 10, 20, and 30 min 
ultrasonic pretreated dried samples were marked as “UP10”, “UP20”, and “UP30”, respectively, whereas the 
sample pretreated with potassium metabisulfite was marked as “KMS” and the control sample as “control”. 
2.4 Chemical Analysis 
Physico chemical properties of dried longan were analyzed as follows: 
2.4.1 Determination of PPO Activity  
To extract polyphenoloxidase (PPO), dried longan (3 g) was homogenized in 20 ml of 0.1 M phosphate buffer 
(pH 6.8) and the homogenate was filtered and then centrifuged at 12,000g for 20 min at 4°C. The clear 
supernatant was collected as enzyme extract. PPO activity was assayed following the method of Jiang & Li 
(2001) by measuring the oxidation of pyrocatechol. The increasing absorbance at 420 nm during incubation at 
45°C was recorded at every 15 min for 60 min using a UV-Vis spectrophotometer (Lambda 35, Perkin Elmer, 
USA). One unit of enzymatic activity is defined as the amount that causes a change of 0.001 in absorbance per 
minute. 
2.4.2 Determination of POD Activity  
The enzyme extract (as in section 2.4.1) was assayed for POD activity following the method of Lin et al. (1988). 
3 ml substrate contained 25 μl enzyme extract, 2.75 ml 0.05 M phosphate buffer (pH 6.8), 0.1 ml of 1% H2O2 
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and 0.15 ml of 4% guaiacol. The increase in absorbance at 470 nm was recorded at every 2 min for 10 min using 
a UV-Vis spectrophotometer (Perkin Elmer series Lambda35, USA). One unit of enzymatic activity was defined 
as the amount that causes a change of 0.001 in absorbance per minute.  
2.4.3 Percentage Inhibition of Enzyme Activities 
Percentage inhibition of PPO and POD activities were calculated as the percentages of reduction based on those 
of the control sample. 
2.4.4 Water Activity (aw) 
Water activity of the samples was analyzed using an AquaLab Water Activity Metre (Decagon, USA).  
2.4.5 Moisture Content (MC) 
Moisture content of samples was analyzed according to AOAC method (AOAC, 2000) by an oven method at 
105 °C.  
2.4.6 Total Soluble Solid Content (TSS) 
10g of dried longan were homogenized with 100 ml distilled water. TSS of the samples were determined with a 
Pocket Refractometer (N-10E, Atago, Japan). Results were expressed in Brix (Kaewnarin, 2008). 

2.4.7 Titratable Acidity (TA) 

Titratable acidity (expressed as % citric acid) of longan samples was analyzed in accordance with the method of 
AOAC (AOAC, 2000).  
2.4.8 pH 
The pH of the samples was measured using a digital pH meter (pH 510, Eutech Instruments, Singapore) in 
accordance with the method of AOAC (AOAC, 2000).  
2.5 Physical Analysis 
2.5.1 Color Measurement  
Color parameters (a* (redness value), b* (yellowness value) and L* (lightness value)) of samples were 
determined using a Minolta colorimeter (CR-300, Minola, Japan). 
2.5.2 Firmness 
Firmness of the samples was evaluated using a Texture Analyzer (TA-XT Plus, UK) with a Warner Bratzler blade 
set. The blade travelling speed was set at 1 mm/s, and distance traveled by the blade through the sample was 30 
mm in order to make a complete cut of the samples. The maximum force used to cut the sample was recorded as 
the firmness value of the dried sample. Maximum shear force was expressed as Newton (N). The test was 
accomplished with 10 replications. 
2.6 Sensory Evaluation 
Sensorial preference of the samples was evaluated using 9-point Hedonic scale (ranking from 9-like extremely to 
1-dislike extremely) by 50 untrained panelists aged between 18-40 years old. Sample preference was evaluated 
in terms of color, odor, sweetness, stickiness, and overall preferences (Walkling-Ribeiro et al., 2009). Stickiness 
refers to chewy texture of the sample. 
2.7 Experimental Design and Statistical Analysis 
The experiment was conducted in triplicate using a Complete Randomized Design (CRD). The experimental 
results were subjected to analysis of variance (ANOVA) and Duncan’s multiple range tests. The significant 
differences between means were defined at P≤0.05. 
3. Result and Discussion 
From Table 1, aw, MC, TSS, TA and pH of dried longan with different pretreatment methods were significantly 
different as compared to those of control samples (P≤0.05). The aw, MC, TSS and TA of dried longan pretreated 
with high power ultrasound were significantly lower than those of control samples. The decrease of TSS varies 
from 14.27 to 12.10. TSS of KMS and ultrasonic pretreated samples were significantly decreased due to leaching 
out of some sugar into the ultrasonicating medium (water). The increase in ultrasonication time did not cause 
significant reduction in TSS (P>0.05). The increase of pH varies from 6.75 to 7.09 by ultrasonication. The pH of 
dried longan with 30 min ultrasonic pretreatment was significantly increased (P≤0.05). This may due to a 
leaching of ionizable components from longan flesh into liquid medium during ultrasonication. 
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The final MC and aw of dried longan decreased with increasing ultrasonic pretreatment time (Table 1). This 
suggests that the intensity of ultrasonic effect on physical structure, which facilitates moisture movement, 
increased with time. The longer ultrasonication time, the more mechanical stress is placed on the plant tissue 
structure. The forces involved in this mechanical stress can create micropores within the sample (de la 
Fuente-Blanco et al., 2006). Hence, the samples pretreated with longer ultrasonication time were expected to 
have more microporous structure and provide easier moisture removal during the hot air drying. Moreover, 
energy exerted from ultrasonic wave to the sample may detach strongly bound water, resulting in a better 
moisture reduction during drying. However, shorter ultrasonication time may not cause significant difference in 
moisture removal. Reduction in MC resulted in lower aw. The MC and aw of the KMS pretreated sample were not 
significantly different as compared to those of the sample with ultrasonic pretreatment for 10 min (P>0.05). 
However, those of the samples with 20 and 30 min of ultrasonic pretreatment were significantly lower than those 
of the control samples (P≤0.05). 
 
Table 1. Chemical properties of dried longan 

Treatment aw MC TSS TA pH 
(% wet basis) (oBrix) (% citric acid) 

Control 0.502a±0.013 14.84a±0.10 14.27a±0.23 0.48b±0.04 6.75c±0.05 

KMS 0.463b±0.009 14.34b±0.10 12.60b±0.17 0.56a±0.04 6.60d±0.10 

UP10 0.461b±0.009 14.28b±0.03 12.37bc±0.23 0.40c±0.00 6.79c±0.01 

UP20 0.429c±0.004 14.07c±0.05 12.10c±0.10 0.34d±0.02 6.98b±0.01 

UP30 0.426c±0.018 13.91d±0.04 12.10c±0.17 0.35cd±0.03 7.09a±0.01 

Means within a row followed by different letters were significantly different (P≤0.05). 
 
The effect of high power ultrasonic pretreatment on color of dried longan is shown in Table 2. These result 
demonstrates that red color (a*) decreased while yellow color (b*) increased gradually when the sample was 
pretreated with increasing ultrasonication time. The decreasing in yellow color may be due to slight inactivation 
of POD and PPO activity during the high power ultrasonic pretreatment. 
 
Table 2. Physical properties of dried longan 

Treatment L* a* b* Firmness (N) 

Control 43.00c±3.39 8.09a±1.82 15.71b±0.89 68.20c±9.91 

KMS 49.35a±2.23 3.88c±1.46 17.04ab±1.16 85.64b±10.04 

UP10 45.32bc±1.76 6.05b±1.38 17.07ab±1.45 90.61ab±8.41 

UP20 47.03ab±0.39 5.23bc±1.24 17.90a±0.85 91.65ab±12.99 

UP30 48.24ab±2.06 4.41bc±1.05 18.39a±1.90 98.34a±12.88 

Means within a column with different superscripts were significantly different (P≤0.05). 
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Analysis of the texture of dried longan (Table 2) revealed that firmness increased when ultrasonicpretreatment 
time increased. The firmness of the ultrasonic pretreated-dried longan ranged between 90.61-98.34 N, whereas 
that of the control sample was 68.20 N. This result means that pretreatment with high power ultrasound of 
longan before air dehydration brought into the higher stress; at maximum forces applied, than air dehydrated 
longans. The firmness increased due to loss of moisture during drying, as can be seen that the sample with the 
lowest MC had the highest firmness value. 
Figure 1 and 2 display the PPO and POD activities of high power ultrasonic pretreated-dried longan, as 
compared to KMS pretreated and control samples. It was found that increasing sonication time increased 
enzymatic inactivation. The high power ultrasonic pretreatment for 30 min could inhibit the PPO and POD 
activities by 70.68% and 94.06%, respectively (Table 3). Inactivation of enzymes by ultrasonication for 30 min 
was higher than those of the control sample, KMS pretreated and10 and 20 min ultrasonic pretreated samples. 
This result was supported by the work of Ercan & Soysal (2011), which reported that inactivation rate increased 
with increased ultrasonic power and time. In their work, complete inactivation of POD activity was achieved at 
50% ultrasonic power for 150 s and at 75% power for 90 s. Likewise, the result of this study shows that time had 
a significant effect (P≤0.05) on the inactivation of longan’s PPO and POD. 
 

 

Figure 1. PPO activity of dried longan with different pretreatment methods 

 

Figure 2. POD activity of dried longan with different pretreatment methods 
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The application of ultrasonic pretreatment for 10, 20, and 30 min markedly reduced PPO and POD activities in 
dried longan. The application of high power ultrasonic pretreatment for 10, 20, and 30 min, could reduce PPO 
activity by 49.99%, 57.18%, and 70.68%, and POD activity by 47.63%, 86.16%, and 94.06%, respectively 
(Table 3). Longer exposure time to high power ultrasonic wave increases it lethality on protein denaturation 
(Torley & Bhandari, 2007). Hence, greater extent of enzymatic inactivation was achieved. Physical stress due to 
bubble collapse can contribute toward enzymatic inactivation. Enzymatic inactivation can also be affected by 
high shear generated by the interaction of the cavitating bubbles with the acoustic field (Ercan & Soysal, 2011). 
The pretreatment of fresh longan with high power ultrasound before drying significantly reduced the enzymatic 
activities in the dried sample. Pretreatment of longan at 30 min could inhibit the highest percentages of PPO and 
POD inactivations. Hence, the rate of biochemical changes in those pretreated samples can be reduced and the 
shelf life of dried longan can be extended.  
 

Table 3. The percentage inhibition of PPO and POD of dried longan 

Treatment 
PPO POD 

Activity 
(U/m/ml) 

Inhibition 
(%) 

Activity 
(U/m/ml) 

Inhibition  
(%) 

Control 56.57a±7.12 - 682.14a±63.39 - 
KMS 51.17a±1.92 9.53c±3.40 530.03b±61.47 25.30d±9.01 
UP10 24.22b±6.03 49.99b±3.58 99.41c±33.55 47.63c±17.15 
UP20 28.29b±2.03 57.18b±10.66 64.42d±11.69 86.16b±1.71 
UP30 16.59c±2.84 70.68a±5.03 40.52d±5.91 94.06a±0.87 

Means within a column with different superscripts were significantly different (P≤0.05). 

 
Table 4.Sensory qualities of dried longan 

Treatment
Preference score 

  Color Odor Sweetness Stickiness Overall 

 
Control 

 
6.64bc±1.21 

 
6.80a±1.14

 
6.96ab±1.40

 
6.32b±1.61

 
6.78bc±1.33 

 
KMS 

 
6.26c±1.86 

 
5.78b±1.47

 
6.78b±1.09

 
6.28b±1.71

 
6.57c±1.48 

 
UP10  

 
6.70bc±1.30 

 
6.72a±1.01

 
6.84b±1.33

 
6.96a±1.32

 
6.75bc±1.24 

 
UP20  

 
6.92b±1.23 

 
6.86a±1.26

 
7.10ab±1.16

 
7.44a±0.93

 
7.11ab±1.19 

 
UP30  

 
7.54a±0.76 

 
7.16a±1.36

 
7.38a±0.97

 
7.08a±1.23

 
7.50a±0.89 

Means within a column with different superscripts were significantly different (P≤0.05). 

 

Table 4 shows preference scores for the dried longan. The product specific color, odor, sweetness, stickiness, and 
overall acceptability scores for pretreated samples were significantly higher than those for control samples 
(P≤0.05). Panelists were most satisfied with sensory characteristics of the dried longan with 30 min high power 
ultrasonic pretreatment. The stickiness scores for 20 min ultrasonic pretreated dried samples were slightly higher 
than that of at 30 min pretreated sample because the texture of the latter sample was slightly harder. The scores 
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for color were increased when ultrasonic pretreatment time increased due to the color of dried longan became 
more golden-yellow which is the characteristic color of good quality dried longan. The score for sweetness of the 
samples with ultrasonication time for 30 min as the highest. This product can be an alternative low sugar dried 
fruit for consumers. Therefore, this technique may be applied for commercial production of high quality and 
low-sugar dried fruits. 
4. Conclusion 
The use of high power ultrasonic pretreatment had significant effects on physicochemical qualities and 
enzymatic activities of dried longan. Panelists were most satisfied with sensory properties of the dried longan 
with 30 min of high power ultrasonic pretreatment. High power ultrasonic pretreatment significantly altered the 
physical and biochemical properties of longan flesh. Ultrasound helped moisture removal from longan flesh 
during hot air drying, resulting in lower final MC and aw of the dried samples. Color properties of the ultrasonic 
pretreated samples were better than those of the control sample after drying, which was due to greater reduction 
of browning enzymes (PPO and POD). Texture of the dried longan was more firmed than non-ultrasonic 
pretreated samples. Increasing ultrasonic pretreated time generally gave beneficial effects on moisture reduction, 
enzymatic inactivation, color and texture improvement. 
Acknowledgements 
This research was financially supported by Office of the Higher Education Commission, Thailand. The authors 
greatly acknowledge this support. 
References 
Achariyaviriya, A., Soponronnarit, S., & Tiansuwan, J. Study of longan flesh drying. (2001). Drying Technology, 

19(9), 2315-2329. http://dx.doi.org/10.1081/DRT-100107501 
AOAC (2000). Official methods of analysis (15th ed.). VA: Association of Official Analytical Chemists, 

Arlington. 
Attabhanyo, R., & Tiampakdee, A. (1998). Storage methods of fresh for commercial dried flesh loganproduction. 

Thesis. Department of Food Science and Technology, Faculty of Agro-Industry, Chiangmai University, 
Chiangmai, Thailand. 

Cárcel, J. A., Benedito, J., Rosselló , C., & Mulet, A. (2007). Influence of ultrasound intensity on masstransfer in 
apple immersed in a sucrose solution. Journal of Food Engineering, 78, 472–479. 
http://dx.doi.org/10.1016/j.jfoodeng.2005.10.018 

Da-Mota, V. M., & Palau, E. (1999). Acoustic drying of onion. Drying Technology, 17, 855–867. 
http://dx.doi.org/10.1080/07373939908917574 

de la Fuente-Blanco, S., Sarabia, E. R. F., Acosta-Aparicio, V. M., Blanco-Blanco, A., & Gallego-Juárez, J. A. 
(2006). Food drying process by power ultrasound. Ultrasonics Sonochemistry, 44, 523–527. 

Ercan, S. S., & Soysal, C. (2011). Effect of ultrasound and temperature on tomato peroxidase. Ultrasonics 
Sonochemistry, 18, 689–695. http://dx.doi.org/10.1016/j.ultsonch.2010.09.014 

Fernandes, F. A. N., & Rodrigues, S. (2007). Ultrasound as pre-treatment for drying of fruits: dehydration of 
banana. Journal of Food Engineering, 82, 261-267. http://dx.doi.org/10.1016/j.jfoodeng.200702.032 

Fernandes, F. A. N., Gallão, M. I., & Rodrigues, S. (2008a). Effect of osmotic dehydration and ultrasound 
pre-treatment on cell structure: melon dehydration. Food Science and Technology, 41, 604–610. 

Fernandes, F. A. N., Francisca I. P. O., & Rodrigues, S. (2008b). Use of ultrasound for dehydration of papayas. 
Food Bioprocess Technology, 1, 339–345. http://dx.doi.org/ 10.1007/s11947-007-0019-9 

Fernandes, F. A. N., Gallão, M. I., & Rodrigues S. (2009). Effect of osmosis and ultrasound on pineapple cell 
tissue structure during dehydration.Journal of Food Engineering, 90, 186–190. 
http://dx.doi.org/10.1016/j.jfoodeng.2008.06.021 

Fernandes, F. A. N., Rodrigues, S., Law. C. L., & Mujumdar, A. S. (2010). Drying of Exotic Tropical Fruits: A 
Comprehensive Review. Food Bioprocess Technology. http://dx.doi.org/10.1007/s11947-010-0323-7 

Gallego-Juárez, J. A., Rodríguez-Corral, G., Gálvez-Moraleda, J. C., & Yang, T. S. (1999). A new high intensity 
ultrasonic technology for food dehydration. Drying Technology, 17, 597–608. 
http://dx.doi.org/10.1080/07373939908917555 

Janjai, S., Bala, B. K., Lamlert, N., Mahayothee, B., Haewsungcharern, M., Muhlbauer, W., & Muller, J. (2007). 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; 2012 

306 
 

Moisture diffusivity determination of different parts of longan fruit. International Journal of Food 
Properties, 10, 471–478. http://dx.doi.org/10.1080/10942910600889968 

Jiang, Y. M., & Li, Y. B. (2001). Effects of chitosan coating on postharvest life and quality of longan fruit. Food 
Chemistry, 73, 139–143. http://dx.doi.org/10.1016/S0308-8146(00)00246-6 

Kaewnarin, K. (2008). Effect of enzyme inactivation by microwave pretreatment on the quality of dried-longan 
pulp. M.S. Thesis, Department of Biotechnology Faculty of Graduated school, Chiang Mai University, 
Chiang Mai, Thailand. 

Lin, Z. F., Li, S. S., Zhang, D. L., Liu, S.X., Li, Y. B., Lin, G. Z., & Chen, M. D. (1988). The changes of 
pigments, phenolic content and activities of polyphenol oxidase and phenylalanine ammonialyase in 
pericarp of postharvest litchi fruit. Acta Botanica Sinica, 30, 40-45. 

Pongsakul, N., Leelasart, B., & Rakariyatham, N. (2006). Effect of L-cysteine, potassium metabisulfite, ascorbic 
acid and citric acid on inhibition of enzymatic browning in longan. Chiang Mai Journal of Science, 33(1), 
137-141. 

Rodrigues, S., & Fernandes, F. A. N. (2007). Dehydration of melons in a ternary system followed by air-drying. 
Journal of Food Engineering, 80, 678–687. http://dx.doi.org/10.1016/j.jfoodeng2006.07.004 

Shewfelt, R. L. (1987). Quality of minimally processed fruits and vegetables. Journal of Food Quality, 10, 
143–156. http://dx.doi.org/10.1111/j.1745-4557.1987.tb00855.x 

Simal, S., Benedito, J., Sánchez, E. S., & Rosselló , C. (1998). Influence of ultrasound to increase mass transport 
rates during osmotic dehydration. Journal of Food Engineering, 36, 323–336. 
http://dx.doi.org/10.1016/S0260-8774(98)00053-3 

Torley, P. J., & Bhandari, B. R. (2007). Handbook of Food Preservation. (2nd ed.). Taylor and Francis, (Chapter 
29), Boca Raton: CRC Press. 

Walkling-Ribeiro, M., Noci, F., Cronin, D. A., Lyng, J. G., & Morgan, D. J. (2009). Shelf life and sensory 
evaluation of orange juice after exposure to thermosonication and pulsed electric fields. Food and 
Bioproducts Processing, 87, 102–107. http://dx.doi.org/10.1016/j.fbp.2008.08.001 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


