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Abstract: This research aims to determine the drying characteristics of corn kernels using a tray-type dryer, including the 

moisture content of the corn kernels over time, the mass of the tested corn kernels over time and the drying rate over time. 

This research uses the experimental method. The drying process uses an incoming drying hot air temperature of 65ºC with 

an incoming hot drying air speed of 2 m/s, repeated three times until a water content of 14 ± 0.5% is reached. The dryer in 

this study used four stacking shelves counting from the bottom, which were filled with 500 grams per shelf. This research 

shows that the further the shelf is positioned from the incoming hot drying air, the lower the drying rate. Vice versa, the 

closer the drying Shelf is to the incoming hot air, the greater the drying rate. The average decrease in corn kernel mass was 

0.95% for shelf 1, 0.93% for shelf 2, 0.90% for shelf 3 and 0.88% for shelf 4 during a drying period of 3.5 hours. The 

average decrease in water content was 4.4% for shelf 1, 4.29% for shelf 2, 4.15% for shelf 3 and 4% for shelf 4 during a 

drying period of 3.5 hours. The further the position of the shelf from the hot air dryer, the less air content contained in the 

material on the shelf can be absorbed by the hot air dryer and vice versa. The average drying rate was 16.8% for shelf 1, 

15% for shelf 2, 13.6% for shelf 3 and 12.8% for shelf 4 during a drying period of 3.5 hours at a drying hot air temperature 

of 65oC with a drying air speed of 2 m/s. The research data analysis results showed that the hot air dryer should not be 

passed from below but rather from the side. This affects the drying process in the dryer and makes it evener. 
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Introduction  

 
An artificial drying system is needed as an 

alternative to overcome post-harvest problems. Various 

forms of drying devices are currently circulating in society. 

Rack-type drying devices are one type of dryer that is often 

used in the drying process. The drying process with a tray 

drier can be done anytime or not, depending on the weather 

and space. In addition, drying with a rack type does not 

require a lot of manpower [1]. Fast drying time is obtained 

at high air temperatures. Conversely, long drying times are 

obtained at low air temperatures. In this study, variations in 

air temperatures of 55°C, 60°C and 65°C were used, 

obtaining results that at an air temperature of 65°C the 

drying time was the fastest compared to drying at 

temperatures of 55°C and 60°C. In comparison, the longest 

drying time was obtained at an air temperature of 55°C. 

Drying corn in a fluidized bed device obtained results that 

the higher the airspeed, the faster the corn drying time; in 

this study, using a drying air speed of 7 m/s produced the 

fastest drying time, while an air speed of 5 m/s obtained the 

longest drying time [2]. The higher the drying temperature, 

the higher the drying rate [3]. This is in line with research, 

which states that the higher the temperature, the higher the 

drying rate [4]. 

Drying is an important stage to maintain the quality 

of corn during storage. Currently, corn drying is carried out 

in two ways: direct sunlight and artificial heating. Drying in 

the first model is constrained by dependence on the season, 

where drying can only be carried out if the intensity of 

sunlight is sufficient and the day does not rain. Besides that, 

the drying process results have a non-uniform water content 

depending on the relative humidity of the surrounding air 

during the drying process. Meanwhile, artificial drying is 

hampered by low efficiency, which is still below 60%, and 

corn's protein content degradation, especially if the air 

temperature for the drying process is more than 60°C [1]. 

Corn has a high selling price if the water content in the corn 

kernels meets the standards desired in the market. The 

Indonesian national standard determines the water content 

in corn, namely 13-14% [5]. A multi-level Shelf-type cocoa 

dryer that flows hot air into the drying chamber. The inlet 

air temperature varied, namely 60oC, 65oC, and 70oC, with 

the airflow rate kept constant at 6.37 m/s. The research 

results show that the time needed to reduce the moisture 

content of cocoa from 72.9% to 7.5% is 1.75-3.25 hours. 

Drying efficiency was obtained at 23.34% at an inlet air 

temperature of 60oC, 26.56% at 65oC, and 29.21% at an 

inlet air temperature of 70oC [6]. 

The drying process used a temperature below 55°C 

repeated 3 (three) times until it reached a water content of 

8-10%bk. The observation results showed that the Rh 

outside the dryer was recorded between 83.28%-89.50% 

during the drying process. Also, the Rh inside the dryer was 

observed and recorded, ranging from 86.58%-97.91%. The 

water content of nutmeg seeds during the drying process 

decreased from 38.75% to an average of 18.05%, with 

details on rack one 6.54%, rack two 8.28% and rack three 

9.70% [7]. Drying corn using a vertical cylinder-type dryer. 

The research was carried out three times, based on water 

content of 29% bw, 27.5% bw and 26% bw. The research 

results show that the time used to dry corn until it reaches a 

12-14% moisture content varies in each test. Performance 

test 1 takes 8 hours, performance test 2 takes 7 hours, and 
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performance test 3 takes 6 hours. However, the drying rate 

for each performance test has almost the same value of 

around 5 kg H2O/hour. So, the total drying efficiency in 

Performance Test 1 was 23.56%, Performance Test 2 was 

26.90%, and Performance Test 3 was 23.57% [8]. The 

quality of corn kernels is determined by its water content. 

Drying aims to reduce the water content in the corn kernels 

to a condition where the water content in the corn kernels 

cannot reduce the quality of the corn kernels, and the corn 

kernels do not grow mould. Based on the energy source, 

corn drying can be divided into natural and artificial [9]. 

Modelling and optimizing the rice drying process 

using two heating sources, infrared and warm air fluidized 

bed dryers, at three air temperature levels, namely 40oC, 

50oC and 60oC [10]. Research on drying equipment using a 

turbine ventilator. The results of this research obtained a 

drying rate of 3.77 grams/minute, and the efficiency of the 

corn drying system was 52% using a turbine ventilator. In 

contrast, without a turbine ventilator, the drying rate was 

4.23 grams/minute, and the efficiency was 32% [11]. 

Drying garlic using hot air. The hot air is the result of 

heating by heated fluid in the pipes installed in the solar 

collector [12]. 

Optimized the temperature of the rotary microwave 

dryer to keep the moisture below one percent by using a 

genetic algorithm, as the cost function of genetic algorithm 

optimization can be adapted with the output variations [13]. 

The solar dryer of paddy using GA was optimized [14]. The 

integrated dryer consists of three different air heating 

sources: solar, biomass and electricity [15].  

The drying airflow can be either generated by 

natural or forced convection. In forced convection, the 

airflow is generated by blowers or fans [16], increasing the 

drying rates and decreasing drying time. The necessary 

power can be generated from renewable energy [17]. 

Photovoltaic-ventilated solar dryers have been reported in 

the literature. The performance of a hybrid portable tunnel 

dryer in the drying of peppermint was assessed [18]. An 

indirect solar dryer with a shaped corrugated absorber plate 

to dry green chilli and okra was studied [17].  

Heat recirculation is one of the most common 

approaches to saving energy in an energy-consuming 

system and is also widely used in agricultural product 

drying. More specifically, during the drying process, the 

exhaust air was separated from the material flux and mixed 

with fresh air in the drying chamber; the experimental 

results showed that the methodology effectively improved 

the energy efficiency of the spray dryer [19]. A grain heat-

pump drying system with an outlet air-waste heat-recovery 

function; the exhaust air was exhausted to the cold-water 

chamber, and the water was heated up to 30 °C and further 

used to prepare the hot water (60–80°C); the results showed 

that almost 18% of the total energy consumption was 

recovered [20]. Waste-heat recovery from tractor exhaust: 

their results showed that the recovered energy could be 

used to dehydrate 3–6% of moisture from wet grains [21]. 

According to the analysis above, recovery of waste heat 

from exhaust drying air is an effective way to save energy; 

however, few works have focused on waste-heat recovery 

from exhaust flue gas, while there is huge heat-recirculation 

potential in the exhaust flue gas of the heat exchanger. 

Far infrared drying is an efficient and energy-saving 

method widely used in grain drying owing to its advantages 

of high drying quality, simple structure and high efficiency. 

The quality of dried corn kernels was significantly affected 

by far infrared wavelengths when the temperature was 

45°C. Far infrared-assisted hot air-drying technology could 

effectively decrease specific energy consumption [22]. 

When a fresh paddy with a thickness of 10 mm was heated 

up to 60°C by far infrared drying technology, the wet 

paddy's moisture could be removed using natural wind 

drying technology [23]. Average solar radiation and 

ambient temperature of 710 W/m2 and 30°C, respectively, 

the average thermal efficiency obtained was 21%, and the 

exergy efficiency ranged between 10% and 66%, with an 

average value of 23%. It was observed that the corn grains 

reached the desired moisture content of 13% in 8.5 hours 

[24]. 
 

Research Methods 
 

This research is experimental with a scheme as 

shown in the following figure. 

 

 
 

Figure 1. Dryer installation. 1. output pipe, 2. drying box, 

3. shelf 4, 4. shelf 3, 5. Shelf 2, 6. shelf 1, 7. input pipe, 8. 

frame, 9. keni, 10. sensor controller, 11. heater box, 12. 

blower pipe 

 

 
 

Figure 2. Layout of measuring instruments in the drying 

room in the research drying equipment installation. 1. input 

pipe, 2. shelf 1, 3. Shelf 2, 4. Shelf 3, 5. Shelf 4, 6. output 

pipe, 7. anemometer 
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In this study, two types of variables were used, 

namely, the dependent variable and the independent 

variable. The dependent variable is a variable that is 

influenced by other variables, such as the power used. By 

analyzing the dependent variable, it is hoped that an answer 

or explanation can be found regarding the problem being 

tested. The dependent variables in this research are drying 

rate and drying hot air temperature. Independent variables 

can be adjusted and determined according to testing needs. 

The independent variables used in this research are 

variations in the position of shelf 1, shelf 2, shelf 3 and 

shelf 4 (figure 2). 

The research procedures carried out are as follows. 

The initial water content determination stage of corn 

kernels is to determine the initial water content of corn 

kernels through the following stages. First, the corn kernels 

are placed on an oven tray with a known weight as a sample 

and then weighed carefully on a digital scale weighing 1 kg. 

Next, the corn kernels and the oven tray are put into an 

electric oven set at 80oC ± 1oC for 30 minutes. After that, 

the corn kernels are weighed to determine their mass. Then, 

put them back in the oven for 30 minutes and repeat steps 2 

and 3 until the weight is obtained without decreasing or 

changing.  

In the drying stage, the procedure is as follows: first 

turn on the power to the dryer, then set the dryer's 

temperature using the specified temperature, and then 

adjust the airflow rate by the fan according to the testing 

needs. The study was continued by inserting corn kernels 

into the dryer weighing 2 kg with each rack 0.5 kg. After 

that, weigh the corn kernels every 30 minutes and record 

the mass of the corn kernels and the air speed until the 

maximum water content of the corn kernels is 14 ± 0.5%. 

 

Results and Discussion  

 
During the research, data were collected every half 

hour after placing the corn kernels in the dryer for 3.5 

hours. Based on Figure 3, the graph of the relationship 

between mass and time is obtained. The mass of dried corn 

kernels is directly proportional to the time used to dry them. 

The longer the time used for the drying process of corn 

kernels, the less mass of water in the corn kernels that can 

be dried. This follows the results of other researchers' 

research [7]. This happens because the longer the drying 

time, the less water content in the corn kernels and as a 

result, the water in the corn kernels becomes more difficult 

to evaporate. The average decrease in corn kernel mass was 

0.95% for shelf 1, 0.93% for shelf 2, 0.90% for shelf 3 and 

0.88% for shelf four during a drying period of 3.5 hours. 

This decrease in the mass of corn kernels is due to the 

drying process, where the corn kernels absorb heat energy 

from the drying air, meaning that there is a convection heat 

transfer process from the drying air absorbed by the corn 

kernels [2]. Then, the water slowly evaporates from the 

corn kernels into the drying air. This means that when 

evaporation occurs, the corn kernels slowly lose their mass, 

or in theory, it is called mass transfer. So, the mass of corn 

kernels continues to decrease as the drying process takes 

longer (figure 3). 

 
Figure 3. Graph of the relationship between test corn 

kernel mass and drying time 

 
The effect of the position of the drying Shelf shows 

that the further the Shelf is from the incoming hot drying 

air, the lower the mass reduction of corn kernels [6]. Vice 

versa, the closer to the drying Shelf with hot air entering, 

the greater the decrease in corn kernel mass (figure 3). This 

can happen because when the air enters the drying room, it 

will hit shelf 1 for the first time; on shelf 1, a mass transfer 

occurs, and then some of the mass on shelf 1 is carried to 

the next shelf up to shelf 4. Because of this, the farther the 

position of the shelf is from the incoming hot air-drying 

room, the decrease in the mass of corn kernels will be 

smaller. 

Figure 4 shows that the initial moisture content of 

corn kernels is 20.7%, requiring a drying time of 210 

minutes (3.5 hours). In the first 30 minutes, the moisture 

content of corn kernels decreased by 10.2% for shelf 1, 

9.42% for shelf 2, 7.82% for shelf 3 and 7% for shelf 4. The 

decline in corn grain moisture content was relatively fast at 

the beginning of drying, then decreased slowly until it 

approached the specified water content, around 14 ± 0.5%. 

The average decrease in corn kernel moisture content was 

4.44% for shelf 1, 4.29% for shelf 2, 4.15% for shelf 3 and 

4% for shelf four during a drying period of 3.5 hours. The 

effect of the position of the drying Shelf shows that the 

further the Shelf is from the incoming hot drying air, the 

lower the corn kernel moisture content decreases. 

Meanwhile, the closer the drying Shelf is to the incoming 

hot air, the greater the corn kernel moisture content 

decreases. 

 

 
Figure 4. Graph of the relationship between water content 

and drying time 

 

This decrease in water content is due to the drying 

process where the corn kernels absorb heat energy from the 
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drying air, meaning that there is a convection heat transfer 

process from the drying air absorbed by the corn kernels. 

Then, the water slowly evaporates from the corn kernels 

into the drying air. This means that when evaporation 

occurs, the corn kernels slowly lose their mass, or in theory, 

it is called mass transfer. The water content in corn kernels 

consists of 3 types of water: the first, free water content, the 

water content bound to the corn kernels, and the third, the 

water content chemically bound in the corn kernels. This 

amount of water will evaporate after receiving or absorbing 

heat energy from the drying air. Initially, the water 

evaporates is free water, followed by bound water and 

chemically bound water (figure 4). 

Figure 5 shows that the higher the temperature used 

to dry the corn kernels, the higher the drying rate in this 

drying process. This follows the statement that the higher 

the drying temperature, the higher the drying rate [3]. This 

follows research that states that the higher the temperature, 

the higher the drying rate [4]. This is because the higher the 

drying air temperature, the higher the heat energy carried 

by air, so the greater the amount of liquid mass evaporated 

from the surface of the corn kernels. An increase in 

temperature will increase the temperature of the corn 

kernels and cause the water vapour pressure in the corn 

kernels to be higher than the water vapour pressure in the 

air so that water vapour is transferred from the corn kernels 

to the air. The closer the drying rack is to the incoming hot 

air, the higher the air temperature passing through the 

drying rack, and the further the drying rack is, the lower the 

air temperature passing through the drying chamber. 

 

 
Figure 5. Graph of the relationship between drying rate and 

drying time 

The effect of the position of the drying Shelf shows 

that the further the position of the Shelf is from the hot 

incoming drying air, the lower the drying rate. Vice versa, 

the closer the drying Shelf is to the incoming hot air, the 

greater the drying rate. The drying rate is calculated by 

dividing the difference between mass 1 and mass 2 by the 

difference in observation time taken from data on the 

weight loss of corn kernels with the assumption that the 

difference between mass 1 and mass 2 is the amount of 

water vapor that comes out of the corn kernels or 

evaporates, at the beginning of the drying process. that is, 

when the water content was still high, the drying rate 

increased, then decreased until the 3.5-hour observation of 

the drying process. The increased drying rate is caused by 

the corn kernels being hygroscopic (absorbing water) in the 

form of adsorption or the corn kernels absorbing water 

vapour from the air. Still, the water only remains on the 

surface of the corn kernels [6]. When corn kernels receive 

heat energy from drying air, the water vapour on the surface 

of the corn kernels, which is free of water, quickly 

decreases. Next, the drying rate decreases until the final 

water content is reached. This final water content is 

considered the water content that represents the water 

content data at the end of the drying process [7]. In theory, 

the drying rate starts from an adjustment phase. In a 

constant drying rate phase, the free water contained in the 

corn kernels evaporates, followed by a decreasing drying 

rate, and the drying rate continues to decrease. In this 

phase, the water that evaporates is the water bound to the 

corn kernels and the water contained in the corn kernels is 

chemically bonded (figure 5). The average drying rate was 

16.8% for shelf 1, 15% for shelf 2, 13.6% for shelf 3 and 

12.8% for shelf 4 during a drying period of 3.5 hours at a 

drying hot air temperature of 65oC with a drying air speed 

of 2 m/s (figure 5). 

 

Conclusion 

 
Based on an analysis of research data, the further the 

position of the shelf is from the incoming hot drying air, the 

lower the drying rate. Vice versa, the closer the drying 

Shelf is to the incoming hot air, the greater the drying rate. 

The average decrease in corn kernel mass was 0.95% for 

shelf 1, 0.93% for shelf 2, 0.90% for shelf 3 and 0.88% for 

shelf 4 during a drying period of 3.5 hours. The average 

decrease in water content was 4.4% for shelf 1, 4.29% for 

shelf 2, 4.15% for shelf 3 and 4% for shelf 4 during a 

drying period of 3.5 hours. The average drying rate was 

16.8% for shelf 1, 15% for shelf 2, 13.6% for shelf 3 and 

12.8% for shelf 4 during a drying period of 3.5 hours at a 

drying hot air temperature of 65oC with a drying air speed 

of 2 m/s. 
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