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Abstract. This paper studies the effect of different microwave power levels, heating time, 
intermittent time and slice thickness on the drying kinetics of papaya slices. The influence towards the 
color appearance, the papaya microwave intermittent drying characteristics and the tendency of water 
loss were obtained. The results indicated that the drying rate of papaya during the microwave 
intermittent drying consistently declined with the change of microwave power levels. Meanwhile, the 
paper made comparison of the papaya drying qualities within different factors, which providing 
reference for the later practical using. 

Introduction 
Papaya is one of the well-known fruits in Ling’nan area located in the southern area of China, 

recognizing as the King of fruits. With sweet flesh, soft taste, unique fragrant aroma and high 
nutritional value, it can enhance human immunity and has antibacterial effect as well. Papaya was 
widely planted in China with the area about 11,000 hectares. Nowadays, the annual output of papaya 
is about 920,000 tons in China [1]. With the development of people’s living level, the consumption of 
papaya has been a hot spot and become more and more popular in our country. The papaya cultivation 
efforts also increase continuously. Fresh papaya has a high moisture content approximately 80% (wet 
basis), which favors the growth of microorganisms. Furthermore, the high moisture content can easily 
enhance enzymatic and non-enzymatic reactions, resulting in rapid deterioration of fresh papaya 
quality and thus lead to a reduction in the possible medicinal and commercial value [2]. At present, 
choosing the best parameters of the drying technology to process fresh papaya would be of great 
importance and necessity. 

Domestic dehydration products of papaya in the market have not been found frequently. Most 
manufacturers fabricated it into dried fruits and canned products, which still stayed on the more 
traditional drying methods. Huang Wei-ping et al. studied the characteristics of papaya by hot-air 
drying technology [3]. Gao He et al. investigated the papaya drying characteristics processed by 
hot-air drying and analyzed the effect of infrared radiation on the quality of dried papaya slices [4].  
Waljszewskj K et al. studied on the osmotic dehydration of papaya by hot air drying. The results 
showed that sucrose concentration and PH value on the papaya color changes with no apparent effect, 
and the maturity of the fruits before processing is a very important factor [5]. 

As a new type of microwave drying technology, the microwave intermittent drying has some 
unique advantages such as high efficiency and rapid heating capacity. This new technology has been 
successfully applied into the ginkgo, grains and other agricultural products processing, for papaya dry 
application it has not yet been reported. Therefore, further study of microwave intermittent drying 
characteristics of papaya and gaining a better quality of the process parameters has a very important 
significance. 
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Materials and methods 
Raw material  
Fresh papayas were purchased in shopping malls in Ya’an city and selected fully fresh test 

materials with matured product, uniform size, no insect pests and without mechanical damage. The 
samples were checked carefully to discard spoiled fruit in order to prevent contamination by bacteria 
or fungi. 

Experimental setup and procedure  

 
Fig. 1, The structure of microwave intermittent drying test device 

Microwave intermittent drying test device as shown in fig. 1. Microwave intermittent dryer was an 
experimental platform built on the basis of microwave oven. Continuous emission of microwaves can 
make fresh agricultural products or fruit surfaces drying. So it was the primary task to carry out 
intermittent control of microwave experiments. The whole drying process to the weight of the 
material had a real-time grasp, which was the weight of the material or the dehydration of the material 
over time with a real-time response. Therefore, a hole was drilled on the basis of the microwave oven. 
Then the material tray was lifted by the balance. Due to the discharge reaction, the material tray and 
wire cannot be metal. Now, in this paper, cotton and plastic tray were used as the modified material. 
The tray was hung on the hook of the balance by cotton thread. And the weight of the balance was read 
in real time to reflect a change in the state of material dehydration. As a hole in the microwave oven, 
microwave leakage may occur. And this kind of discharge reaction can be avoided by wire screen. In 
order to play the role of shielding, a very tight wire net was stuck on the hole. 

The preliminary experimental results showed that the power of batch microwave drying test from 
high to low was 700W, 600W, 450Wand 250W, respectively. Fresh-cut papaya slices were divided 
into four groups. A set of trials contained four levels, with four factors at four levels. The influence 
factors of papaya slices drying test were microwave power, heating time, slice thickness and interval 
time. The above four factors were used as variables to study the drying characteristics of papaya slices 
in different conditions and to analyze the specific influence of each factor and level. After each 30 min, 
then weigh and recorded the test data during the experiment. And observe the quality changes of the 
sample in the experiment. When the papaya slices drying to moisture content was less than 15%, the 
experiment was ended. 

Table 1, Design for experiments with drying parameters included 

Influence factor 
level 

1 2 3 4 

microwave power /W 250 450 600 700 

slice thickness /mm 4 6 8 10 

heating time/s 3 4 5 6 

interval time/s 90 100 110 120 
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Calculation of moisture effective diffusivity 
The moisture ratio (MR) of papaya samples during drying experiments was calculated using Eq. 1.  
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Where M0 is the initial moisture content, Me is the equilibrium moisture content and Mt is the 
moisture content at time t. The values of the equilibrium moisture content Me are relatively small 
compared to Mt or M0. Thus the Eq. 2 can be written in a more simplified form as follows [6-8]: 
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The moisture effective diffusivity (Deff) is an important transport property in describing drying 
characteristics of food and other materials, being a function of temperature and moisture content [9]. 
The Fick’s second law of diffusion equation has been widely used to describe the drying process 
during the falling rate period [10-13]. Logarithmic simplification of Eq. 2 leads to a linear form Eq. 3: 
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By plotting the measured data plotted in a logarithmic scale, the effective moisture diffusivity was 
calculated as the slope of the line equal to the coefficient. 

Results and discussion 
Effect of different power level on drying rate of papaya slices 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 20 40 60 80 100 120 140 160
Drying time (min)

M
oi

stu
re

 ra
tio

700W

600W

450W

250W

0.0

2.0

4.0

6.0

8.0

10.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Moisture content (kg/kg)

D
ry

in
g 

ra
te

(g
 w

at
er

/g
 so

lid
 h

ou
r)

700W

600W

450W

250W

 
           (a)                                                                              (b) 

Fig. 2, Drying kinetics of papaya slices at different microwave power level with the 
heating/intermittent time of 4/100s and slices thickness of 6 mm 

The fig. 2a showed that when the microwave power became stronger, the curve was much steep. It 
implied that the microwave strength increased as the moisture ratio decreased. In the drying stage, 
microwave drying curve became flatter and more difficult. With the increase of power level, more 
moisture molecules started to diffuse slowly, which positively correlation to the moisture ratio was 
dropping with the microwave power. But when the power was lower than 250W, the drying time 
increased greatly. The test results showed that the measured power was too low when the temperature 
rises very slowly. The reason may be that at the early stage of drying process, the papaya slices with 
high moisture content got large driving force and the high moisture removal rate. With the decrease of 
moisture content, the moisture molecule escaped from papaya became much more difficult from the 
surface of papaya slices, which leaded to the decrease of water removal rate. 

It can be seen from fig. 2b, when the power level was at 700W, 600W and 450W during this 
experiment, there was no constant speed stage during the whole drying process, only classified into 
the acceleration phase and the deceleration phase. The greater the power was, the greater the drying 
rate. The drying time changed from accelerating stage into the deceleration stage went down 
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according as the microwave power decreases. When the power was less than 250W, the drying 
tendency of papaya slices changed, which was divided into preheating stage, constant speed stage and 
reduction stage processes. Along with the decrease of microwave power, the constant speed and 
deceleration process would significantly extend. The dehydration process showed quickly variation in 
the preheating stage, but once they reach the maximum water loss rate of papaya, material containing 
the water was too low to be guaranteed. At the same time, the constant speed stage during papaya 
drying process did not exist when the microwave power was at high level, while the microwave power 
had a significant effect on the drying rate. 

Effect of different heating time on drying rate of papaya slices 
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  (a)                                                                              (b) 

Fig. 3, Drying kinetics of papaya slices at different heating time with the intermittent time of 90 s at 
700W and thickness of 4 mm 

The fig. 3a showed that the drying curve became more steeps with the increase of heating time. 
And the required time drying to the safe water content would drop off as the water ratio decreased 
rapidly. The fig. 3b showed that the papaya slices in this experiment stayed the same traditional 
tendency, generally included acceleration section, constant speed section and falling rate section. But 
the time of duration in the stage of accelerated section was very short, which prolong the heating time. 
The water loss rate accelerated with the increase of microwave power. 

Effect of different intermittent time on drying rate of papaya slices 
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          (a)                                                                              (b) 

Fig. 4, Drying kinetics of papaya slices at different intermittent time with the heating time of 6 s at 
700W and thickness of 10 mm 

The fig. 4a showed that the whole drying time increased significantly with the extension of 
intermittent time, but the overall performance of drying quality had reached the requirements. The 
processing time would be extended along with the changes of the intermittent ratio. The longer the 
intermittent time, the moisture diffusion rate of declining speed would become much smaller. At the 
same time, the dehydration of papaya slices would get more difficulty. 
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The fig. 4b showed that the intermittent drying difference with general drying was in constant 
speed stage, the drying rate fluctuations. Experimental results showed that the setting of intermittent 
time parameter can effectively avoid local overheating phenomenon in the whole drying process of 
papaya slices. 

Effect of different slice thickness on drying rate of papaya slices 
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     (a)                                                                              (b) 

Fig. 5, Drying kinetics of papaya slices at different slice thickness with the heating/intermittent time 
of 6/110 s at 700W 

The fig. 5a showed that the slice thickness had significantly effect on the change tendency of water 
ratio. With the increase of slice thickness, the internal moisture diffused to the surface during an 
extended process. In the end of the drying section, the falling speed of moisture ratio slowed down. 
This might be because along with the moisture content continuously declined, it became more 
difficult to lose the water from drying samples. 

The fig. 5b showed that between the different slice thicknesses under the same condition, the 
moisture falling rates were different from each other. When the slice thickness was larger, the papaya 
slices quality was much more easily affected. This mainly due to that the whole drying process with 
drying to the same moisture content needed more time. While the slice thickness was smaller, the 
microwave energy during the process of penetration degree would be reduced. And the center could 
accept more microwave energy, which leaded to heating overall more quickly. 

Conclusions 
 (1) The drying characteristics of intermittent microwave drying of papaya could be divided into three 
sections, such as acceleration stage, constant speed stage and speed down drying stage. Microwave 
power, heating time, intermittent time and slice thickness with four levels were investigated on the 
drying process. Both of the above factors had negative effects on reduce of the whole drying process 
of papaya slices.  
(2) The drying rate of papaya during the microwave intermittent drying consistently declined with the 
change of microwave power levels. When the value of power was at a low level, the duration time of 
constant rate drying period was significantly extended and the drying rate was small. 
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