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CONTENT 

The objective of this research was to analyze and evaluate the effects of a relatively new 

drying method combining microwave radiation with low-temperature air agent on drying 

characteristics and the quality changes of bitter melon slices. The results from this study 

could be used to develop a new drying technique for food crop product.  

Scientific contributions:  

From the fundamental science point of view 

1. Air drying at low temperature (20-30C) combined with microwave radiation during the 

drying process (LTMWAD) could increase the driving force of moisture removal and 

maintain low temperature of dried materials (below 35C) which was close to the 

temperature of drying agent. This also helps to restrain the breakdown of biologically active 

compounds in bitter melons. 

2. Microwave power density (MWPD) and air-drying temperature (Tair) were the most 

critical factors in the LTMWAD. These factors significantly impacted the drying rate and 

reaction rate during LTMWAD of the bitter melon slice. Besides, air velocity had only a 

significant effect on the ability of moisture removal. 

3. The results showed that the increase of MWPD and/or Tair increased the rate of moisture 

removal, the rate of changes in the content of chemical composition (TPC, vitamin C), the 

rate of color (L*, a*, b*, E) changes, the rate of rehydration and rehydration capacity of 

dried bitter melon slices.  

4. According to the characteristics of vitamin C and TPC degradation during LTMWAD, 

enzymatic reactions were found to be the main mechanism for the breakdown of both 

vitamin C and TPC. The increased browning pigment in the dried bitter melon slices could 

be primarily due to TPC degradation. 

5. The shrinkage phenomena during LTMWAD significantly impacted the effective 

moisture diffusivity, causing the decrease of Deff during LTMWAD for each drying 

condition. It also was found that the shrinkage caused damages in the internal structure of 

bitter melon slices and inverse modifications; therefore, the equilibrium moisture content 

after rehydration could not reach an initial moisture content of fresh bitter melon. Also, the 



internal structure damage increased the degradation rate of TPC and vitamin C during 

LTMWAD when moisture content reached the critical value of about 5,5 to 6 g/g d.b. 

From the applied science point of view 

1. Microwave radiation exerted significant effects in removing moisture from bitter melon 

slices. Specifically, for product moisture to reach 0.01 g/g d.b., the drying time at 3.0 W/g 

and 20C was 330 minutes whereas at 4.5 W/g and 30C, the total time of 160 minutes was 

required. 

2. Weibull model was chosen to characterize the behavior of moisture evaporation during 

LTMWAD. The mathematical model 
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 has been proven to be the best suitable 

for predicting the vitamin C and total phenolic content (TPC) changes during LTMWAD. 

The color changes could be determined using the first-order model for the change of L*, a*, 

b* values and the zero-order model for the change of E values during LTMWAD, 

respectively. The rehydration kinetic could be characterized by the Peleg equation.  

3. Activation energies for moisture removal, vitamin C and TPC degradation reaction were 

found to be in the range of 9.671–8.367 W/g, 1.610–1.195 W/g, and 2.719–1.515 W/g, 

respectively, when Tair changed from 20 to 30C and MWPD varied from 1.5 to 4.5 W/g. 

4. Using linear regression of the experimental data, the drying kinetics, the half-life of TPC, 

vitamin C degradation, the kinetic time of color parameters change, and parameters of 

rehydration kinetics were found to be in strong correlation with microwave power density 

(MWPD) and Tair. 

5. The obtained results could contribute to develop a relatively new drying technique in the 

processing and preservation of food crop products.  
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