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Abstract - This research aims to study the use of low-pressure superheated steam (LPSS) drying for longan without stone. The 
effects of drying conditions, i.e., drying temperature and pressure on the drying kinetics and dried product quality viz. color, 
shrinkage, rehydration and texture (toughness) were investigated. The experiments were conducted at the drying temperatures 
of 70-90oC and absolute pressures of 7-15 kPa. Sample with an initial moisture content in the range of 350-400% dry-basis was 
dried until its moisture content reached 18% dry-basis. Results showed that drying rate increased as drying temperature 
increased and as pressure decreased. Total color difference seemed to decrease whereas shrinkage increased when drying 
temperature decreased and pressure increased. Rehydration and toughness increased when drying temperature and pressure 

increased. Considering drying time and product quality, LPSS drying at 80oC and 15 kPa was the best condition for drying 
longan without stone in this study.  
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I. INTRODUCTION 

 

Longan (Dimocarpus longan Lour.) is one of the most 

important fruit crops of Thailand with the export value 

of US$442 million in 2016 [1]. Around 113,120 tons 

of dried longan fruits were produced and exported, 

earning about US$216 million. As for the nutritional 

value, longan fruit contains rich amount of vitamin C 

and A, and contains minerals like iron, phosphorus, 

magnesium and potassium. It is also rich in 

antioxidants [2].   
Hot air drying is one of the most common methods for 

the production of dried longan. However, this method 

has a number of disadvantages such as long drying 

period, high energy usage and the decline in product 

quality such as the worsening of taste, color, and 

nutritional content of product [3],[4]. Commercial hot 

air drying of peeled and unpeeled longan required 

approximately 12 - 15 h and 48 - 72 h, respectively at 

drying air temperatures around 55 - 80oC to obtain a 

final moisture content of about 18% w.b. [5],[6]. Some 

researchers have suggested that drying peeled longan 

at 65oC for 12.5 h produced the desired golden brown 
product [7]. However, the price of dried product 

depends on its quality viz. appearance and color, etc. 

Recently, the preferred color of dried longan is golden 

yellow color as called in a commercial. 

Superheated steam drying has proved to be effective 

for several agricultural products with less deterioration 

of product quality in terms of shrinkage, porosity 

[8],[9], color and nutritional properties [10],[11]. 

However, there exists some limitations when applying 

superheated steam to drying some heat-sensitive 

materials, e.g., fruits and vegetables. For drying of 
longan at atmospheric pressure, the sample burned at a 

temperature of superheated steam corresponding to 

atmospheric pressure [4].  

Currently, there is a development of superheated 

steam drying by lowering the dryer operating pressure 

in order to attain the reduced drying temperature. 

Many researchers studied and developed such drying 

by focusing vegetable and fruit drying which would 

easily lose their quality from heat treatments and 

oxidative reactions. For example, Devahastin, 

Suvarnakuta, Soponronnarit and 

Mujumdar[12]studied drying of carrot with 

low-pressure (or subatmo spheric-pressure) 

superheated steam (LPSS) and vacuum drying. LPSS 
drying required larger drying time when compared to 

vacuum drying but provided the dried products with 

more porous structure, more uniform shrinkageand 

more beautiful red color, however. Suvamakuta, 

Devahastin, Soponronnarit, and 

Mujumda[13]determined the drying kinetics and 

β-carotene of carrot undergoing LPSS drying, vacuum 

drying and hot air drying. The results showed that 

β-carotene in carrots underwent LPSS drying and 

vacuum drying had higher than those subjected to hot 

air drying. 

Moreover, Leeratanarak, Devahastin and Chiewchan 
[14] studied LPSS drying of potato slices compared 

with hot air. They found that LPSS drying provided 

higher drying rates than hot air drying when drying 

temperature was higher than 80°C. For the quality, 

LPSS drying was found to be better in the aspect of 

browning index particularly at high drying 

temperatures and both drying methods had no clear 

effect on hardness. Pimpaporn, Devahastin, and 

Chiewchan[15] investigated the effects of drying 

temperature on drying kinetics and quality of dried 

potato chips using LPSS drying. Drying temperature 
had effect on texture (crispness and toughness) but did 

not have effect on color. 

LPSS drying has been applied to several food products 
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with high quality of dried products such as color, 

rehydration behavior [12] and physical and nutritional 
qualities [14]. This is because LPSS can be operated at 

reduced temperatures corresponding to 

subatmospheric pressure. Although there are a number 

of works that reported results on LPSS drying of many 

food products, the LPSS drying has been not 

investigated for the drying process of longan without 

stone. 

This research was aimed to investigate the use of 

low-pressure superheated steam (LPSS) drying for 

longan without stone. The effects of drying 

temperature and drying pressure on drying kinetics 

and dried product quality in terms of color, shrinkage, 
rehydration and texture (toughness) were investigated.  

 

II. MATERIALS AND METHODS 

 

2.1. Experimental set-up  

Fig. 1 shows a schematic diagram of the LPSS drying 

system and Fig. 2 shows the details within the drying 

chamber. The drying system mainly consists of a 

cylindrical drying chamber with dimensions of 40 cm 

long and 30 cm in diameter, which was made of 

stainless steel and insulated with elastomers; a boiler; 
a liquid ring vacuum pump, which was used to 

maintain a vacuum in the drying chamber; an 1.5 kW 

electric heater, which was installed in the drying 

chamber to control the steam temperature; and an 0.2 

kW electric fan, which was used to disperse the steam 

throughout the drying chamber. Temperatures of the 

drying steam were measured by the type K 

thermocouples. 

 
Fig. 1.A schematic diagram of the LPSS drying system. 1: boiler; 

2: drying chamber; 3: vacuum pump; 4: control system; 5: 

water cooling tank. 

 

 
Fig. 2.Details within drying chamber. (1) vacuum pump; (2) 

load cell; (3) electric heater; (4) electric fan;(5) sample holder; 

(6) steam inlet 

2.2. Materials  

Fresh longan fruits CV. E-Dor were purchased from a 
local market in Chiang Mai, Thailand. The stems were 

cut off and the fruits with an approximate diameter of 

25-30 mm were selected and the seeds were removed. 

For each experiment, 25 longan fruits were uniformly 

placed on a sample holder in a single layer. Initial 

moisture content of longan aril was determined by hot 

air oven at 103oC for 72 h [16] and found to be 350 – 

400% d.b. 

 

2.3. Methods 

The experiments were carried out at the drying 

temperatures of 70, 80 and 90oC and absolute 
pressures of 7, 10 and 15 kPa. The experiments were 

conducted until the longan moisture content of 18% 

d.b. (Thai Community Product Standard) [17] was 

obtained. Sample moisture content was measured and 

the dried samples were brought to test the quality in 

terms of color, shrinkage, rehydration ratio and texture. 

All experiments were performed in triplicate. 

 
2.3.1 Color measurement 

Colors of longan sample were determined by 

color-measurement spectrophotometer (Hunter 
Association laboratory, Inc., model Mini Scan XE 

Plus, VA, USA.)  

 

The color values, in terms of L*; Lightness values 

(Lightness: 0-100; black – white), a*; redness 

/greenness values (+Redness/-Greenness) and b*; 

yellowness/blueness values (+Yellowness/-Blueness) 

in CIE Lab system, were measured. The color 

measurements were performed on five samples at 3 

different positions. All measurements of each color 

parameters (L*, a*, b*) was averaged. The total color 

change (E) was also calculated by: 

 

∆E =   ∆L∗ 2 +  ∆a∗ 2 +  ∆b∗ 2       (1) 

 

Where L* = L*- L*
o, a* = a* – a*

o and b* = b* - b*
o  

andL*
o, a

*
o, andb*

o  represent the initial values of the 

lightness, redness and yellowness of samples before 

drying, respectively. 

 

2.3.2 Shrinkage measurement 

The shrinkage of the dried longan was determined in 
terms of the percentage change of the volume of the 

sample, by a dimensional method. Ten samples were 

used for shrinkage measurement for each drying 

condition. Shrinkage of the dried sample was 

calculated in terms of the following formula. 

 

100% 




oV

f
VoV

Shrinkage

       (2) 

 

whereVo and Vf  are the initial and final volumes of 
samples, respectively. 
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2.3.3 Rehydration ability 

The rehydration ratio of dried longan was determined 
in terms of the mass ratio, evaluated by immersing a 

dried sample in hot water at 90°C for 10 min. The 

masses of samples before and after immersion were 

measured by an electric balance with an accuracy of 

±0.001 g. The rehydration ratio of the sample was 

calculated by: 

 

m

mafter
ration Rehydratio

          (3) 
 

wherem and mafter are the masses of dried longan 

before and after immersion in hot water,  respectively. 

 

2.3.4 Texture analysis 

The texture of dried sample was evaluated by the shear 

test using a texture analyzer (TA.XT.Plus Texture 

Technologies, UK). A Warner-Bratzler shear blade cut 
through a sample at the test speed of 2 mm/s, and the 

distance traveled by the blade through the sample was 

25 mm. The maximum shear force, indicated as 

toughness of the sample, was expressed in Newton (N). 

All tests were performed in triplicate and the average 

values were reported. 

 

III. RESULTS AND DISCUSSIONS 

 

3.1 Drying Kinetics of Longan 

The drying kinetics of longan with initial moisture 

content of 350-400% d.b. undergoing LPSS at 
different drying conditions are shown in Fig.3 (a) – 

(c). The moisture ratio (MR) of longan was then 

calculated by: 

Moisture ratio (MR)  =

eqi

eqt

MM

MM



          (4) 

 

whereMt is the moisture content at any time (kg/kg 

d.b.), Mi is the initial moisture content (kg/kg d.b.). 

Meq is the equilibrium moisture content (kg/kg d.b.). In 

this work, the steam temperature above the normal 

boiling point was used, so that the equilibrium 

moisture content was reasonably assumed to be zero.  

 

 

 

 
Fig 3.  Drying curves of longan without stone undergoing LPSS 

drying at absolute pressures  (a) 7 kPa, (b) 10 kPa and (c) 15 

kPa. 

 

Table 1 shows the drying time for reaching the final 

moisture content of about 18% d.b. It can be seen that 

the drying time decreased when drying temperatures 

increased. This is because drying at higher 

temperature provided a larger temperature difference 
between the superheated steam and the sample, 

resulting in a larger driving force for heat/mass 

transfer and hence higher rate of water evaporation. In 

addition, the drying time decreased when drying 

pressure decreased. This is because decreasing the 

absolute pressure resulted in a lower boiling point of 

water, which increased the driving force for the 

outward moisture diffusion process and caused the 

moisture succeed on escaping from the drying product 

more easier and faster. These results were similar to 

the studies reported by Suvarnakuta, Chiewchan and 
Davahastin[13] and Methakhup, Chiewchan 

andDavahastin[18]. 

 

3.2 Quality Of Dried Pumpkin Slices  

3.2.1 Colors 

The colors of longan were measured in terms of color 

parameters (L*,a* and b*) in order to investigate the 

color changes as affected by drying temperature and 

drying pressure. Table 2 shows the color changes of 

longan dried by LPSS at various conditions. We 

observed that drying temperature and drying pressure 
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were the important factors affecting the changes of all 

color parameters in which the effect of drying 
temperature was greater than the effect of drying 

pressure. The effect of temperature on lightness was 

not clear whereas drying at higher pressure yielded 

darker dried longan than drying at lower pressures. In 

the case of redness and yellowness, we found that 

longan dried at higher temperatures tended to have 

lower values of  redness and higher values of  

yellowness  than  those dried at lower temperatures.  

As for the effect of drying pressure, redness values 

seemed to decrease and yellowness values seemed to 

increase with increasing drying pressure. However, 

the total color change (E) seemed to increase with the 
increase of drying temperature and with the decrease 
of pressure. 

 
Table 1.Drying Timeoflongan Undergoing Different Conditions 

 

 
Table 2. Color of Dried Longan 

 

3.2.2 Shrinkage and Rehydration Behavior 

Table 3 lists the results of shrinkage and rehydration 

behavior of longan dried at different conditions. We 
found that drying at higher temperatures yielded the 

dried product with lower degree of shrinkage. This is 

probably due to more porous structure occurred at 

higher drying temperatures. In the part of the pressure, 

we found that drying at higher pressures yielded the 

dried product with higher degree of shrinkage. This is 

probably due to the fact that longer drying time is 

provided when the drying pressure increased, leading 

to more volume shrinkage.  

In terms of the rehydration, it can be seen from Table 3 

that rehydration ability was higher when steam 

temperature increased. This might be due to more 
porous structure occurred at higher drying 

temperatures, resulting in higher rehydration ability. 

In the part of the pressure, weobserved that longan 

dried at higher pressures had higher rehydration ability 

than those dried at lower pressures. 

However, porous structure may collapsed due to long 

time period. But the number of pores inside the 

samples still remain the same. Therefore, larger 

rehydration ability could possibly developed. 

 
Table 3. Effects of drying temperature and pressure on 

shrinkage and rehydration ratio of dried longan 
 

3.2.3 Texture 

Fig. 4 shows the results of the texture of dried longan 

in terms of toughness, which is the maximum shear 

force required to cut it. We observed that the 

toughness of longan dried at higher temperatures was 

tougher than that at lower for all drying pressures. This 

may be because drying at higher temperatures yielded 
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dried longan with a more dense structure. Therefore, it 

was more difficult to cut though the samples dried at 
higher temperatures. This similar trend was found by 

Namsanguan and Achariyaviriya [19].  

For the effect of pressure, we found that higher drying 

pressure tended to increase the toughness of dried 

products. This may be due to the fact that drying at 

higher pressures provided longer drying time, 

resulting in more volume shrinkage and hence the 

toughening of the cells. In this study, LPSS drying at 

70oC and absolute pressure of 7 kPa gave the lowest 

toughness of dried longan. 

 

 
Fig. 4.Toughness of longan without stone undergoing LPSS 

drying at different absolute pressures. 

 

IV. ONCLUSIONS 

 

This work studied the effects of drying temperature 

and absolute pressure on the drying kinetics and 

quality of longan without stone undergoing the 

low-pressure superheated steam.  
 

Weobserved that the drying time decreased with an 

increase of drying temperature and with a decrease of 

drying pressure. Different drying conditions yielded 

differing structural, optical and textural properties of 

dried product. Higher drying temperature provided 

better quality in terms of shrinkage and rehydration 

while lower pressuregave better quality in terms of 

shrinkage and texture. 
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