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Abstract. To improve the vacuum freeze drying rate and to reduce the energy consumption of apple 
slice, apple slice were treated with different ultrasonic frequency, time and temperature. The vacuum 
freeze drying rate of treated apple slice was determined and, meanwhile, the rehydration ratio of 
samples with pre-treatment were determined to compare with those of untreated samples. The 
results indicated that ultrasonic pre-treatment can significantly improve the drying rate of apple slice, 
and increase the rehydration rate of the dried apple slice. Under a 100 kHz for 5 min at 25°C, the 
drying rate of pre-treatments is 1.25 times higher compared with that of the control group. 
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1. Introduction 

Fruits and vegetables are important sources of essential dietary nutrients such as vitamins, minerals 
and fi bra. Since the moisture content of fresh fruits and vegetables have a moisture content ranging 
from 75% to 90%. They are highly heat sensitive and are apt to be highly perishable. Drying is defined 
as the reduction of moisture from the products and is an efficient and cheap method for the 
preservation of fruits and vegetables [1-3]. Hot air drying is one of the most commonly used 
procedures in dried fruits and vegetables, with main disadvantages yielding low rehydration rate and 
low nutritive value, etc. [4-6]. Compared with other drying methods, vacuum freeze-drying is the best 
way to maintain the quality of food [7-8]. Based on the sublimation of the frozen products to achieve 
the purpose of dehydration freeze-drying, because no liquid water in the drying process, the moisture 
in the solid state and in situ sublimation, in low temperature, hypoxia, stagnation of most biological 
reactions, so that the original structure and shape of the material by minimal damage, so as to obtain 
high quality products [9].Therefore vacuum freeze-drying technology possesses the advantage of 
minimal deterioration of original color, flavor, texture, or nutritional values[10]. However, the 
technique hasn’t been popular, mainly because of long drying time and high energy consumption [11]. 
Therefore it is necessary to explore low power consumption processing for vacuum freeze-drying. 

An approach to increase energy efficiency is to find a proper pretreatment method. Many 
agricultural products are subjected to a particular pretreatment to improve drying characteristics and 
consequently shorten drying time [12].Such pretreatments include alkaline dips, freezing, sulfiting,or 
blanching. However, pretreatment with chemicals decreases color and flavor quality, and thermal 
pretreatment is responsible for undesirable changes in quality attributes of fruit tissue.  

Ultrasound pretreatment is a promising food processing technology due to its continuous 
application with very little heating of the medium, short treatment time, low energy requirement. 
Studies in recent years have demonstrated that as a pre-processing step for fruits and vegetables in 
the drying process, ultrasound pretreatment is able to cause reversible membrane perforation, and it 
is hoped that it will help to increase dryer efficiency, save energy, and enhance product quality [13-
15]. 

At present, there are only few reports on vacuum freeze drying fruits and vegetables products using 
ultrasound pretreatment. In this paper, apple slices, were treated in an ultrasound system, in different 
frequency, time and different temperature. The vacuum freeze drying rate of treated apple slices was 
determined and, meanwhile, the rehydration rate of samples with pretreatment were determined to 
compare with those of untreated samples. 
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2. Experimental Procedure 

All manuscripts must be in English, also the table and figure texts, otherwise we cannot publish 
your paper. Please keep a second copy of your manuscript in your office.  

When receiving the paper, we assume that the corresponding authors grant us the copyright to use 
the paper for the book or journal in question. Should authors use tables or figures from other 
Publications, they must ask the corresponding publishers to grant them the right to publish this 
material in their paper. 

2.1 Experimental Equipment 

 
1. Constant temperature water bath 2. Water 3. Beaker 4. Samples 5. Ultrasonic generator 

Figure 1. Schematic of the Ultrasound Pretreatment System  
 

Figure 1 shows a schematic diagram of ultrasound pretreatment system setup developed for the 
experimental work. Its main components are an ultrasonic generator and a constant temperature water 
bath. The range of frequency of which can be adjusted from 50 to 100 kHz by a controller. 

2.2 Experimental Methods 

The apple slices were divided into 31 groups with similar weights. One was the control group and 
the others were experimental groups. The experimental groups were subjected to ultrasonic generator 
with different temperature (15, 25°C), different frequency (50, 60, 80, 90, 100 kHz) and different 
time (5, 10, 15 min), respectively. Then, all samples were dried by vacuum freeze until they reached 
the final moisture content (10±1%). 

2.3 Average Drying Rate Measurement  

The samples of the apple slices in the control group and the samples of the apple slices after the 
ultrasonic pretreatment were put into the vacuum freeze drying machine for drying. And then, to 
record the data, we can calculate the average drying rate (g/h) of the apple slices through the data. 

 

             Percentage shrinkage= 1
0 0( ) 100fZ Z Z                            (1) 

 

Where Z0 (g) and Ziff (g) are the quality of each group of apple slices at the beginning and at the 
end of each drying experiment, respectively.  

2.4 Water Absorption and Rehydration Rate Measurement 

Rehydration ratio was determined by soaking dried apple slices in hot water at 100°C. The soaked 
apple slices were blotted with a paper towel of good quality to remove excess water. They were then 
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weighed and placed back into the soaking water. Rehydration ratio value was expressed in percentage 
and calculated as mass of water absorbed per 100 g of dried apple slices using the following formula. 

 

        Percentage rehydration ratio=  1
0 0( ) 100gm m m                       (2) 

 

Where m0 (g) and mg (g) are weights of the samples before and after rehydration, respectively. 

3. Results and Analysis 

3.1 Effects of Ultrasound Pre-Treatment on Vacuum Freeze Drying Apple Slice for Drying 
Rate 

The influence of ultrasound pretreatment on average drying rate was shown in Figure 2-4, 
respectively. It can be seen from the graphs that the average drying rate of ultrasonic pretreatment 
apple slice was higher than that of the control. Under a 100 kHz for 5min at 25°C, the average drying 
rate of pretreatments is 1.25 times higher compared with that of the control group. The reason why 
ultrasound can improve the vacuum freeze drying rate may be ultrasound can destroy the cell 
membrane of the sample, thus enhancing the permeability of the cell membrane, the water in the cell 
more easily exudate from the cell, and then improve the drying rate of materials. 

3.2 Effects of Ultrasound Pretreatment on Vacuum Freeze Drying Apple Slice for 
Rehydration Rate Measurement 

The influence of ultrasonic pretreatment on rehydration rate of apple slice was shown in Figure 5-
7, respectively. We found that ultrasonic pretreatment could increase the rehydration rate of apple 
slice. 
 

 
Figure 2. Effect of Ultrasonic Pretreatment on Average Drying Rate of Vacuum Freeze Drying 

Apple Slice 
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Figure 3. Effect of Ultrasonic Pretreatment on Average Drying Rate of Vacuum Freeze Drying 

Apple Slice 
 

 
Figure 4. Effect of Ultrasonic Pretreatment on Average Drying Rate of Vacuum Freeze Drying 

Apple Slice 
 

 
Figure 5. Effect of Ultrasonic Pretreatment on Average Drying Rate of Vacuum Freeze Drying 

Apple Slice 
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Figure 6. Effect of Ultrasonic Pretreatment on Average Drying Rate of Vacuum Freeze Drying 

Apple Slice 
 

 
Figure 7. Effect of Ultrasonic Pretreatment on Average Drying Rate of Vacuum Freeze Drying 

Apple Slice 

4. Conclusion 

In this study, apple slice was pretreated in an ultrasonic system prior to vacuum freeze drying, and, 
the drying rate, the effects of ultrasonic pretreatment on apple slice’s rehydration ratio were 
investigated and compared with control group. The results can be summarized as follows: 

The drying rate of apple slice can be improved by ultrasonic pretreatment, and while ultrasonic 
pretreatment was applied by 100 kHz for 5min at 25°C, the drying rate could be increased 
approximately 25%. And, ultrasonic pretreatment can improve the rehydration rate of dried apple 
slice. 
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