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Abstract.  
 

The objective of this research is to study the effect of microwave power on the quality of 

dried unripe banana including energy consumption. The microwave power was varied from 

0-2,000 watts combined with drying temperature of 50 oC. The sliced of unripe banana with 

the thickness of 3 mm was used. Sample was dried until the aw was lower than 0.6. Then, 

color values in term of L* a* b*, whiteness index and viscosity was determined. Result was 

found that the trend of L*value was decreased when microwave power increased. In 

addition, the viscosity was the highest when using the microwave power at 1,000 watts. 

Moreover, the increase in microwave power resulted in the decrease in energy consumption. 

When considering in quality and energy consumption, the drying at microwave power of 

1,000 watts combined with hot air at 50 oC is recommended for unripe banana drying.  
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1. INTRODUCTION 

Unripe or green banana (Musa spp. L.) is considered as healthy ingredient with a potential 

source of bioactive compounds and can be used as a functional immunostimulatory food 

ingredient [1-2]. It contains high resistant starch which is an excellent probiotic growth 

promotion [3-4]. Volunteers who consumed unripe banana flour for 6 weeks found that 

significantly reduced hunger and increase satiety with glucose homeostasis in health. This 

might reduce risks of certain non- communicable diseases owning to its high resistant starch 

level [5]. 

Drying is one of important process of green sliced banana into flour. Nowadays, 

microwave techniques have been applied to reduce moisture content for fruit and food 
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products. This is due to high drying rate which reduce the drying time as well as energy 

consumption reduction [6-8]. Apart from considering in energy consumption, quality of 

product is considered as important variable for consumer and product user in particular 

texture, appearance, flavor, color and rehydration in some product e.g. mushroom. Products 

have been dried with microwave assisted hot air drying had acceptable quality [9-12]. 

Moreover, consumers are interested in bioactive compounds and antioxidant activity. 

Microwave-hot air drying could maintain these compounds which was better than only hot 

air drying [13]. Also, there has been reported that phenolic compounds of dried saskatoon 

berries with microwave vacuum drying was not significantly different with freeze drying 

[14]. 

In this work, we are interested in drying unripe banana using microwave assisted hot air. 

Quality of dried unripe banana and energy consumption of drying are studied to find the 

suitable microwave power. 

 

2. MATERIAL AND METHOD 

2.1. Microwave-hot air dryer 

 

 

a) The pilot scale microwave assist hot air dryer 

 

 

b) Schematic of the dryer 

 

Figure 1 Experimental dryer 
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The pilot scale microwave assist hot air dryer was constructed at Faculty of Engineering, 

Mahasarakham University, Thailand. A schematic diagram of this dryer is shown in Figure 

1. Drying chamber size of this equipment was 80 (L) x 80 (W) x 80 (H) cm and manufactured 

with stainless steel No. 304. The four of 1000 W magnetrons were used to generate 

microwave with the frequency of 2,455 MHz. Hot air generator and circulator used 9 kW 

electric heater and 1.5 kW centrifugal fan with electric motor. Hot air duct was connected 

to drying chamber with flange and perforated plate was installed for microwave shielding. 

The circular trays with driving system were mounted to the bottom of the drying chamber. 

The turning speed was adjusted by using frequency inverter. 

 

2.2. Sample preparation 

Banana cv. Namwa was purchased from local market in Maha Sarakham province. Banana 

with green color and unripe stage was only used in this study. It was boiled for 45 secound 

before peeling and then soaked in 1% sodium metabisulfite solution for 30 minute to prevent 

browning reaction. Then, it was sliced using slicing machine to obtain the sample with 

thickness of 3 mm. The sliced unripe bananas of 500 g were placed on tray as shown in 

Figure 2. 

 

 

Figure 2 Tray sample and arrangement 

 

2.3. Drying condition 

The microwave power was varied to 0, 500, 1,000, 1,500 and 2,000 watts combined with hot 

air at drying temperature of 50 oC. Unripe banana was dried until the aw less than 0.6 to 

prevent the microbial growth. The drying was conducted for 2 duplications for each 
treatment. After drying, sample was ground to pass a 45-mesh sieve to obtain homogenous 
before quality analysis. 
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2.4. Quality determination 

Moisture content 

Unripe banana was chopped to small piece before determining moisture content. It was 

used oven method at temperature of 103 °C for 24 hr. Moisture was calculated from the 

water evaporation divided by the fresh weight 

Water Activity (aw) 

Dried sample was measured the aw using an AquaLab water activity meter (Aqua-Link 
3.0, Pullman, WA) which was calibrated with distilled water to obtain aw in the range of 
1.000 ± 0.003 

Color values 

The color of sample was measured by a Hunter Lab Colorimeter (type Color Flex, USA). 
The Hunter L*, a*, b* scale gave measurement of colors in units of approximate visual 
uniformity throughout the solid. The L* value measures lightness and varies from 100 for a 
perfect white and 0 for black, a* and b* when positive measure redness and yellowness, 
respectively. For whiteness index (WI), it was calculated as following 

WI= 100-[(100-L)2 + (a2 + b2)]1/2 

Viscosity 

Unripe flour was mixed with water at the ratio between flour (dry weight) and water of 
20:500. Mixing sample was controlled the temperature of hot plate at 30 oC with magnetic 
stirrer for 15 minute. The solution was measured the viscosity using Brookfield 
Viscometer Model LVDV-E with the probe number 61. The highest torque was recorded 
as the obtained viscosity. 
 

Energy consumption 

Energy consumption from 3 phases was determined using digital electric meter (brand 
Eastron model sdm 230-8i) with 5% less error. The energy consumption was from 
different sources i.e. blower, heater, motor and microwave power. 

 

3. RESULTS AND DISCUSSIONS 

Table 1 presents the drying time, initial moisture content, final moisture content and aw of 
unripe banana drying. You can see that the drying time is decreased when the microwave 
power increased. This due to the microwave power could accelerate the moisture 
evaporation from inside to environment. This finding is agreed with the previous report that 
drying time of using microwave combined with hot air was reduced in particular increasing 
microwave power [6-8]. The aw in all treatments was lower than 0.6 which is safe for further 
process and longer storage. 
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Table 1 Drying time, moisture content and water activity of unripe banana drying 

Microwave 

 power  

(W) 

Drying 

 time  

(h) 

Initial  

Moisture 

 content 
(% w.b.) 

Final  

moisture  

content 
(% w.b.) 

Water  

Activity 

 aw 

0 6 68.81+0.33 7.99+0.47 0.27+0.02 
500 4.5 67.61+0.98 7.49+0.11 0.25+0.03 

1000 3 69.19+3.13 6.86+1.40 0.25+0.07 
1500 2 67.84+1.08 6.92+0.76 0.22+0.05 
2000 1.5 68.36+1.03 7.98+0.40 0.30+0.07 

 

After drying, the product was ground to become homogenous before measuring the 
color. The color values are shown in Table 2. The significant result is L* value. The L* 
value represents the brightness, the product from the study is brighter than the product 
purchased from the market. This might be the drying method was different which caused 
the different color. However, the increase in microwave power results in the decrease in 
brightness and increase in redness (a*). This might be the browning reaction occurred when 
increased microwave power. In overall appearance, the whiteness index is used to assess 
the color quality. It is found that all treatments show significant higher than commercial 
product. This could be implied that the drying by microwave combined with hot air drying 
is good in color assessment. However, by visual evaluation, the picture of product is shown 
in Figure 3. It is illustrated that all products are similar appearance. 

 
Table 2 The color values and whiteness index of dried unripe banana 

Microwave 

 power (W) 
L* a* b*ns Whiteness  

index 

Commercial 

product 
84.42+0.37d 2.05+0.01a 10.41+0.06 80.98+0.27c 

0 90.41+0.34a 0.11+0.07c 10.80+0.95 85.55+0.94a 

500 90.51+0.12a 0.16+0.27c 10.92+0.70 85.53+0.61a 

1,000 88.72+1.79bc 0.63+0.51b 11.89+1.73 83.59+2.50b 

1,500 89.74+0.50ab 0.13+0.08c 10.91+0.97 85.02+1.05ab 

2,000 88.45+0.63c 0.51+0.52bc 11.30+0.33 83.85+0.70ab 

ns=non significance different 
Means with the different letter within a column are significantly different (p ≤ 0.05) by DMRT 
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a) 0 W     b) 500 W 

 

 

 

 

c) 1000 W    d) 1500 W 

 

e) 2000 W 

Figure 3 Dried product from different microwave power combined with hot air at 50 oC 

Viscosity is one of an important factor of power to be considered for further use in 
ingredient mixing with other components to make the product. If the viscosity is still high, 
it means that the property of flour is still good for using as ingredients. It is implied that the 
longer drying time and higher heat cause the disruption of internal structure of product. The 
drying at 1,000 watts had the best viscosity in this study with the drying time only 3 hr. 
Also, the viscosity is higher than the product from the market. 

Table 3 The viscosity of solution prepared from dried unripe banana 

Microwave power (W) Viscosity (cP) 

Commercial product 21.31+0.94b 

0 15.29+1.77de 

500 18.90+3.58bc 

1,000 24.59+2.05a 

1,500 17.51+3.43cd 

2,000 14.10+0.54e 

Means with the different letter within a column are significantly different (p ≤0.05) by 
DMRT 
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You can see that the total energy consumption is considered from different sources i.e. 
blower, motor, heater and microwave. The highest energy consumption is from heater. This 
is the reason why drying without microwave has the highest energy consumption. 
Therefore, the increase in microwave power results in the less energy consumption. 
Therefore, to produce the dried product, the producers have to consider in the quality as 
well as the energy consumption. In this study, when consider in quality and energy use, the 
drying at 1,000 watts combined with hot air is appropriate 

This finding is an alternative process for potential producer. With this method we could 
control product with good quality. However, the only 500 g sample was used in this 
research. Therefore, scale up process is necessary for mass production. Considering in 
energy consumption, we can replace heater by using LPG to reduce the processing cost 

Table 4 Energy consumption of drying with different conditions 
Microwave 

power  
(W) 

Drying  
time  
(h) 

Eblower 

(kWh) 

Emotor 
(kWh) 

Eheater 
(kWh) 

Emicrowave 
(kWh) 

Etotal 
(kWh) 

0 6 1.41 0.84 15.33 0.00 17.58 

500 4.5 1.05 0.63 11.49 2.25 15.43 

1,000 3 0.70 0.42 7.66 3.00 11.79 

1,500 2 0.47 0.28 5.11 3.00 8.86 

2,000 1.5 0.35 0.21 3.83 3.00 7.39 

 

4. CONCLUSION 

The unripe banana was dried under different microwave powers assisted with hot air at 
drying temperature of 50 oC. It could be concluded as following. 

• The drying time was decreased from 6 hr without microwave power to 4.5, 3, 2 and 

1.5 hr when used microwave power at 500, 1,000, 1,500 and 2,000 watts, 

respectively. 

• The trend of L* value was decreased when the microwave power increased. While 

as a* value was increased. 

• The drying at 1,000 watts had the highest viscosity. 

• The increase in microwave power resulted in the decrease in energy consumption. 

• When considering in quality and energy consumption, the drying at microwave 

power of 1,000 watts combined with hot air 50 oC is recommended for unripe 

banana drying. 
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