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Abstract 

Previous reports showed that there has been a continuous increase in the annual production of onion in 

Indonesia, and it is inversely proportional to the market price. The price drop is often caused by the 

high water content, which makes it easy to rot. Preservation of onions through a tray dryer is a good 

preservation method because it is effective and does not require much energy. Therefore, this study 

aims to determine the effect of variations in time, material thickness, and air velocity on the drying 

rate of onions. The samples were sliced to a size of 2 - 5 mm, followed by drying for 60 min using a 

tray dryer with different air rates between 4 - 7 m/s, and the rate of the process was observed every 15 

min. The results showed that the drying time reduced the humidity in the chamber. The highest rate of 

0.525 g/min was obtained at the peak air rate of 7 m/s. ANOVA results revealed that variations in 

time, onion thickness, and flow rate have a significant effect on increasing the drying rate of onions. 

This indicates that the method can be an effective and efficient solution to optimize the drying of the 

commodity. 

Keywords: drying; humidity; onion; tray dryer 

 

Abstrak 

Produksi bawang merah di Indonesia selalu mengalami kenaikan setiap tahunnya, tetapi peningkatan 

ini berbanding terbalik dengan harganya di pasaran. Penurunan harga disebabkan oleh kandungan 

air yang tinggi, sehingga mudah membusuk. Pengawetan bawang merah melalui pengeringan tray 

dryer saat ini menjadi pilihan karena efektif dan tidak membutuhkan energi yang besar. Penelitian ini 

bertujuan untuk mengetahui pengaruh variasi waktu, ketebalan bahan dan kecepatan udara terhadap 

laju pengeringan bawang merah. Penelitian dilakukan dengan pengirisan bawang merah berukuran 2 

- 5 mm, kemudian dikeringkan selama 60 menit menggunakan tray dryer dengan variasi laju udara 4 

– 7 m/s. Pengamatan laju pengeringan dilakukan setiap 15 menit. Hasil penelitian menunjukkan 

waktu pengeringan dapat menurunkan kelembaban udara. Laju pengeringan tertinggi sebesar 0,525 

g/menit didapatkan saat laju udara tertinggi 7 m/s. Hasil ANOVA menunjukkan bahwa variasi waktu, 

ketebalan bahan, dan laju udara berpengaruh secara signifikan terhadap peningkatan laju 

pengeringan bawang merah. Dengan demikian, metode ini menjadi solusi yang efektif dan efisien 

untuk mengoptimalkan pengeringan bawang merah. 

Kata kunci: bawang merah; kelembaban; pengeringan; tray dryer 
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1. Introduction  

Onion (Allium ascalonicum) is one 

of the horticultural commodities with 

sufficient potential to be developed into a 

superior commodity [1]. It also contains 

beneficial chemicals, such as natural fiber, 

various vitamins, organic acids, phenolic 

compounds, and antioxidants. 

Furthermore, every 100 g of red onion 

contains 84.18 g of water, 0.93 g of fiber, 

and 2.43 g protein [2]. Previous reports 

showed there has been an annual increase 

of 5.11% in its production volume over the 

years [3]. However, this increase is 

inversely proportional to the market price, 

due to the high water content of onions, 

which accelerates microbial growth and 

spoilage [4]. This indicates that a method 

is needed to extend its shelf life, increase 

added value, and diversify of the products. 

One of the common food 

preservation techniques is drying, which is 

the simplest process to reduce the water 

content of a material [5]. Drying onion to a 

certain moisture content can extend shelf 

life, hence, it is an alternative to keep the 

price of the commodity from falling during 

the harvest season [6]. Furthermore, one of 

the end results of this process is a powder 

product. Traditional drying is often carried 

out using sunlight, but it is considered less 

effective due to uncertain weather 

conditions [7]. It can also be performed 

with vacuum frying, but the process has 

some drawbacks, such as high energy 

demand and operating temperatures. This 

method is often used in vacuum frying for 

large-scale industrial drying only [8]. 

Drying can also be carried out using an 

electric-powered oven, but the operating 

costs are very high and the operation as 

well as maintenance require skilled 

personnel [4]. One of the technologies with 

the simplest and easiest technique is a 

multilevel tray dryer, which uses hot air in 

an enclosed space. The mechanism 

involves direct drying because the hot air is 

in contact with the material [1]. This 

technology can be applied to food 

ingredients that are sensitive to heat and 

are easily moldy.  

Drying with a tray dryer is relatively 

efficient in energy consumption, suitable 

for small-scale industries, and the 

operating temperature is not too high. 

Manfaati et al. [2] reported onions drying 

(species Bima) using a tray dryer with 

variations in temperature and time. The 

results also showed that the moisture 

content was reduced to 4% at the optimum 

temperature, indicating that the both 

resultsvariables greatly affected the 

process. Prasetyaningsih & Mulyanti [9], 

carried out a similar experiment using 

variations in thickness, flow rate, and 

temperature. The results showed that the 

thinner the material, the greater the 

temperature and drying rate, which 

facilitated the decrease in moisture content 

and shortened the time required.  

Based on the review of previous 

studies, several factors are involved in the 

drying process using a tray dryer. Findings 

also showed temperature, time, material 

thickness, and air flow rate are the most 

problematic factors. Although several 

studies have explored the use of the tray 

dryer, but none of them dicussed variations 

in time, flow rate, and material thickness 

simultaneously, which are very important. 

Therefore, it is necessary to determine the 

relationship of these three parameters with 

the drying process to obtain the optimum 

conditions for optimization. Therefore, this 

study aims to determine the optimum point 

through an optimization process based on 

analysis of variations of temperature, time, 

flow rate, and thickness of the material to 
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reduce the water content of shallots and 

increase their shelf life. 

 

2. Research Methods  

2.1 Materials 

Fresh onions were obtained from the 

Tanjung market, Jember, with uniform 

humidity. Physiologically, the samples 

used were red onions with good quality. 

 

2.2 Experimental procedure 

The main instrument used in this 

study is a tray dryer model SF-25H with a 

size of 250 mm, capacity of 42 m3/min, 

190 W power, 280 r/min speed, 220-240 V 

voltage, and 50 Hz frequency, as shown in 

Figure 1. The description of the 

instruments in Figure 1 is as follows; 

heater power button (1), temperature 

control (2), fan power button (3), fan speed 

control button (4), temperature button (5), 

temperature displays (6), sensor of dry 

bulb temperature before and after tray (7 

and 9), wet bulb temperature sensor before 

and after tray (8 and 10), analytical balance 

inside dryer (11), and tray (12). The 

rectangular tray dryer was equipped with 

perforated metal shelves. The rack was 

used to accommodate the material, which 

needs to be dried. The tray dryer was also 

equipped with a thermometer, a fan to 

regulate air circulation, as well as an 

anemometer (HoldPeak HP-866B, 

Taiwan), which was used to measure the 

fan air velocity. Furthermore, several 

supporting tools were used, including a 

stop watch to adjust the drying time, a ruler 

to measure the thickness of the sample, a 

knife to cut raw materials, and a digital 

scale (GSF G-4405, China) to measure the 

mass of the sample. 

 
Figure 1. Schematic diagram of tray dryer 

 

The union was peeled, sliced, and its 

thickness was then measured. Furthermore, 

slices with a fixed thickness of ± 2 mm 

were used for experiments with time 

variables and fan air flow rates. For the 

thickness variable, the onion was sliced 

into sizes of 2, 3, 4, and 5 mm. The tray 

dryer was then heated to a temperature of 

55 °C, and a total of 50 g of the material 

was weighed. The onions were then 

rearranged on a perforated tray lined with 

aluminum foil to ensure that the samples 

were not piling up on each other. The tray 

containing the ingredients was inserted into 

the dryer. The fan air rate was set at 5.0 

m/s for experiments using variations in 

time and thickness, while others with 

different fan air rates were set at 4, 5, 6, 

and 7 m/s. Sampling of mass data was 

carried out every 15, 30, 45 and 60 min for 

time variations. Meanwhile, for the 

thickness and fan air rate variables, sample 

mass data were collected after drying for 

60 min. The last step was to calculate the 

values of T1, T2, T3 and T4 on the 

temperature reader every time the sample 

was weighed. 

 

2.3 Statistical analysis 

One-way analysis of variance 

(ANOVA) was carried out to analyze the 

effect of the variables on the drying rate 
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using MINITAB 16. The level of 

significance of 95% was selected to 

determine the effect of the factors. Sig 

stands for significance, which indicates 

statistical research error. The best study 

significance (sig) was obtained when the 

value was less than 5% (0.05) [10-12]. 

Determination of humidity can be 

performed using psychrometric charts 

through dry and wet bulb temperature data. 

 

3. Results and Discussion 

3.1 Humidity in a chamber of tray dryer 

When a wet solid sample comes in 

contact with a air whose humidity is lower 

than its water content, it releases some of 

the moisture until it a balance point is 

achieved. Therefore, the humidity in the 

drying chamber affects the effectiveness of 

the process, and the level in the chamber is 

presented in Figure 2. 
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Figure 2. Effect of time on the humidity in a 

chamber of tray dryer 

 

The optimal humidity level was 

3.123% at 45 min. The results showed that 

the long drying time can significantly 

reduce the humidity in the chamber with 

sig value of 0.00<0.05. This is because the 

extended time causes longer contact with 

heating air, which allows more water in the 

material and chamber to be evaporated [8]. 

It can also lead to increased precipitation 

(condensation) of water molecules in the 

air, and this decreases its charges [13]. 

This is in line with a previous study, which 

revealed that the higher the temperature of 

the drying air, the higher the heat energy, 

which causes more mass of the liquid to be 

evaporated [14]. 

 

3.2 Effect of time on drying rate 
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Figure 3. Effect of time on drying rate 

 

Figure 3 shows that a long drying 

time can reduce the rate of the process 

significantly (P<0.05). At the beginning of 

drying, there was a large decrease in the 

rate until the 30th min. This was because 

the moisture content of the material was 

still high at the start of the process, and it 

was easily evaporated. At the end of 

drying, namely 30 to 60 min, the water 

bound to the material has decreased 

slowly, which caused reduced evaporation 

and slow rate [15]. The highest drying rate 

was obtained in the first 15 min, namely 

0.4 g/min. According to Sari et al. [16], the 

time is inversely proportional to the rate of 

the process. The decrease in rate is 

proportional to that of the water content of 

the material. Reduction of moisture takes 

place continuously with the length of 

drying time. This is also in line with Sari 
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and Prabawa [17] that the longer the time, 

the lower the drying rate. 

 

3.3 Effect of thickness on drying rate 

Figure 4 shows a graph of the 

relationship between onions thickness and 

drying rate. Furthermore, the thicker the 

material, the longer the time required to 

evaporate the moisture content. This is 

because the mass of water in the middle of 

the thick pile has difficulty reaching the 

surface. The thickness of material causes 

airflow to accumulate in the center of the 

material [18]. It also affects the drying rate 

significantly, based on the ANOVA results 

with a sig value of 0.01 <0.05. 

The process of drying onions at a 

temperature of 55 °C, an air rate of 5 m/s 

for 60 min with thickness of 2, 3, 4, and 5 

mm occurred at rates of 0.183, 0.150, 

0.117, and 0.133 g/min, respectively. The 

highest value was obtained when the 

thickness of the material was 2 mm. This 

indicates that the thinner the onion, the 

greater the reduction in water content. A 

thin material has a larger surface area, 

which causes greater contact with the 

heating medium, thereby accelerating the 

evaporation time of the water content [19]. 
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Figure 4. Effect of onions thickness on drying 

rate 

 

In this study, there was a discrepancy 

with the literature, namely at a thickness of 

4 and 5 mm, the drying rate was predicted 

to be smaller than 3 mm. This decrease 

occurred due to the transfer of water vapor 

by diffusion or through capillary. 

Furthermore, the diffusion was caused by 

the difference in the concentration of water 

vapor between the inner and the surface 

solids. It often occurs in solids that are not 

porous, such as paste, soap, gelatin, glue, 

flour, wood, leather, paper, textiles, and 

various foodstuffs. Movement of vapor 

through capillaries was observed because 

when the water was evaporated, meniscus 

was formed, which produces tension in its 

surface. This causes the build up of 

capillary forces that displaces water 

through the pores to surface. Vapor 

movement through capillaries occur in 

porous solids and granular form, such as 

clay, sand, soil, and minerals [20]. 

 

3.4 Effect of air flow rate on drying rate 
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Figure 5. Effect of air flow rate on drying rate 

 

Figure 5 shows that the drying rate 

increased significantly (sig value of 

0.012<0.05) along with the air velocity. 

The highest rate of 0.525 g/min was 

obtained at the highest fan velocity of 7 

m/s. This phenomenon was due to the 

increase in the air rate, which caused 
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increment in the diffusion of hot air into 

the material to be dried, thereby increasing 

the amount of water that can evaporate 

[21]. Additionally, the drying process 

involves the movement of heat from the 

medium to material as well as mass 

transfer to the media dryer. The process 

starts when hot air flows across solid sheet 

surface. Displacement of heat occurred by 

conduction through the tray hot or 

radiation from the surface of the heated 

material. Hot air flowing released some of 

the heat, and this causes evaporation/mass 

transfer of water from air-dried sample 

until it reaches an equilibrium state. Large 

amounts of air can carry large amounts of 

water vapor, which increase the drying rate 

and produce good quality dry products 

[22]. Previous study conducted by 

Hasibuan, et al. (2020) stated that the fan 

air rate facilitated the process [23]. Further 

studies also need to develop a drying 

kinetics model. Process design and the 

best-operating conditions can be 

determined quickly, measurably, and 

accurately with the availability of kinetics 

data. 

 

 

 

 

4. Conclusion  

In improving the quality of drying 

onions using a tray dryer, the time variable 

can reduce the humidity in the chamber. 

Furthermore, air flow rate, material 

thickness, and time affect the drying rate. 

By using a temperature of 55 °C, the 

optimum rate of the process was obtained 

during the first 15 min of the experiment, 

namely 0.4 g/min. Furthermore, the 

optimum thickness with the best drying 

rate was 2 mm at 0.183 g/min. The fan air 

rate of 7 m/s was the best and the process 

occurred at a rate of 0.533 g/min. The 

results also showed that the relative 

humidity of the material increased along 

with the fan air velocity and decreased 

with with an increase in drying time. The 

significance values for each of the 

parameters used, such as time, material 

thickness, and flow rate were 0.00<0.05; 

0.01<0.05; and 0.012<0.05, respectively, 

which indicates they met the statistical 

validity of the data. 

In conducting this study, the air 

humidity must be kept dry to ensure that 

the drying process takes place optimally. 

There is also a need to review other 

parameters, such as temperature and 

pressure to obtain the optimum conditions 

as well as for larger scale. 
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