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 ABSTRACT 
Green coffee beans to be stored or for transportation must meet storage 
quality standards, especially the maximum moisture content of 12.5%, so the 
drying process must be carried out to achieve quality standards, but still 
economical. The study aims to obtain optimum operating conditions on the 
drying of Arabica-type coffee beans using a fluidized bed dryer assisted by 
zeolite adsorption in a separated fluidized bed prior to heating, as well as 
finding the dominant factor of drying rate by comparing the energy 
consumption between blowers and air heater. The operating conditions were 
varied, namely air flow rate of 1.789 – 2.296 m/s, air temperature of 45 o C, 
50 o C, and 55 o C, zeolite adsorbent mass of 150 g, 175 g, and 200 g.  The 
coffee beans quality tests carried out were the moisture, carbohydrates, 
protein content, and the visual appearance of the beans. The results show that 
the optimum drying process of coffee beans resulting in a moisture content of 
12,5% as well as a minimum protein and carbohydrate damage are the air 
velocity of 2.1 m/s, air temperature of 55°C, drying time of 240 minutes, and 
zeolite adsorbent mass of 150 grams, with total energy consumption of 5.02 
KWH. The drying rate of coffee beans is mainly influenced by air temperature 
(more predominantly) than the adsorption of air humidity by zeolite. 
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INTRODUCTION 
 
Coffee is one of the most important export commodities for Indonesia. In addition to being 
exported, coffee is also consumed by the Indonesian people in the form of ground coffee and 
instant coffee with a consumption level of 0.52 kg / capita / year in 2019 [1]. In general, there are 
two main varieties of coffee that are popular in the world, namely Arabica coffee and 
Robusta/Canephora coffee. Arabica coffee has characteristics of color, higher acidity, lower 
caffeine content, more fragrant and richer, not too thick brewing result. While the second variety, 
namely Robusta coffee, has more caffeine content and a sweet aroma with a delicate taste. Green 
coffee beans to be stored must meet storage quality standards, which are mainly a maximum 
moisture content of 12.5% [2]. 
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The content of several chemical compounds of Arabica coffee beans includes polysaccharides 
of 34.44%, sucrose of 6.0 – 9.0%; protein of 10.0 – 11.0%, Caffeine of 0.9 – 1.3%; and chlorogenic 
acid of 4.1 – 7.9%[3][4] The moisture content of coffee beans affects the characteristics such as 
physical condition, quality, texture, taste, and shelf life. At ambient relative humidity of 70-73%, 
the equilibrium moisture content of coffee beans is 12.5% [5]. The moisture content of more than 
12.5% results in coffee beans being easily attacked by Aspergillus fungus which produce 
ochratoxine A (OTA) that shorten the shelf life, while a too low the moisture content (< 8%) will 
make the coffee taste woody [6]. 

The carbohydrate present in the coffee drink do not affect its flavor, but monosaccharides 
(glucose and fructose) and disaccharides such as sucrose (glucose monomer and fructose 
monomer), are associated with the infusion flavor. Consequently, the higher the sucrose content 
in the coffee beans, the more intense their flavor will be. Monosaccharides content in coffee will 
react with protein in the roasting process (at a temperature of 190°C - known as the Maillard’s 
reaction) and produce a certain color, aroma and taste for brewed coffee [7]. Therefore, the levels 
of carbohydrates and protein in coffee beans during the post-harvest process must be maintained, 
while the drying process with high temperatures and long duration will cause damage to 
carbohydrates and proteins in coffee beans. Drying of coffee beans at a temperature of 50℃ for 
180 minutes causes a greater decrease in protein content than drying at a temperature of 60℃ 
for 130 minutes [8]. The development of equipment used to dry coffee is of fundamental 
importance to obtain theoretical information about the behavior of coffee beans. 

The objectives of the work were: 
1. to study the effect of air drying temperature, air velocity, and zeolite mass  on quality of 

the arabica coffee by minimum damage of protein and carbohydrate content, 
2. to determine the dominant factor of drying rate by comparing of energy consumption of 

blower and heater for drying process. 
 
LITERATURE REVIEW  
 
Drying of coffee grain can be carried out using two methods, namely the traditional method by 
drying the coffee grain in the sun, and mechanical drying using a dryer such as the Fluidized Bed 
Dryer. The process of drying coffee grains in the sun takes 5-7 days to reduce the water content 
from 45-50% to 18-20%. In the rainy season, the time required is longer, i.e. 1-2 weeks and 
produces coffee grain with poor quality with indications of unpleasant aroma and the growth of 
fungi. 

In mechanical drying method, the coffee bean is being pre-dried in the sun for 1-2 days, then 
further drying is carried out to obtain a moisture content of 11-12.5% [9] . The mechanical drying 
process is carried out in batches or continuously and involves heating air to evaporate the 
moisture content, by exposing grain to ambient air with low relative humidity or to heated air. 
This will evaporate the moisture from the grain and then the drying air will remove the moisture 
from the grain bulk. The mass transfer of water that occurs during drying includes the transfer 
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of water from the inner tissue of the coffee grain to the surface and mass transfer of water vapor 
to the drying air stream. The mass transfer of water or the evaporation process will stop when 
the equilibrium moisture content of the solid material is reached, which is influenced by the 
relative humidity of the air.  

The drying rate zones that occurs during the drying process is divided into two, namely 
constant rate and falling rate drying. Critical moisture content occurs when the surface water 
content of the material (free water) starts to run out, and the drying process is carried out to 
evaporate the bound water content, the drying rate after critical moisture content will tend to 
decrease. The rate of coffee grain drying is strongly influenced by grain temperature, water 
content in grain, drying air temperature, air velocity and relative humidity, as well as the surface 
area of the coffee grain. 

The drying air flow rate determines the length of contact time between the material and the 
drying air, the heat transfer coefficient, and the velocity of the water vapor leaving the grain bulk. 
Water vapor on the surface of the grain will quickly be removed at high airflows, thereby 
preventing the water vapor from becoming saturated on the surface of the grain. Drying of coffee 
beans from the initial moisture content of 42% to 12% using a forced convection system at a 
velocity of 4.03 m/s takes about 3 hours [10]. 

The greater the temperature difference between the heating medium and the coffee bean 
tissue, the greater the heat transfer rate into the solid material for evaporation of water. Thus, 
the higher the heating air temperature, the shorter the drying time. The optimum conditions for 
coffee beans drying using a fluidized bed dryer - based on energy consumption and drying time - 
were obtained at a temperature of 50°C [8]. An increased airflow (0.4–2 m/s) for pulped coffee 
provided reductions of 5% (10.65 and 10.15 hours) for temperatures of 40 and 45 °C, respectively 
[11]. Meanwhile, Sandeep et.al. (2020) [12] found that coffee grain drying at a temperature of 
50°C and 60°C require almost the same energy, namely 134-135 MJ/T. Coffee drying should be 
carried out in a temperature range of 50-55°C. The higher drying rates caused by air temperatures 
of 60oC deteriorate coffee quality due to damage to cell membranes [13]. 

Relative humidity indicates the ability of the air to catch water vapor from the surface of the 
material. The lower the value of the drying air relative humidity, the greater the capacity of the 
air to absorb moisture from the surface of the grain. Drying of coffee beans in a fluidized bed 
dryer with zeolite as an adsorbent will increase the capacity of the air to absorb water vapor, 
thereby reducing drying time [14]. At an air velocity of 3.6 m/s, zeolite has an absorption capacity 
of 0.130 grams of water vapor/gram of adsorbent [15]. The use of natural zeolite with a ratio of 
2:3 to corn kernels in fluidized bed dryer was able to shorten the drying time to 64.8 minutes 
compared to drying without zeolite which took 86 minutes to reach a moisture content of 13.5% 
[16]. Drying of coffee beans using a fluidized bed dryer equipped with a baffle-shaped fix-bed of 
zeolite in the air inlet, at a temperature of 50oC is able to reduce the drying time from 180 minutes 
to 153 minutes [8]. 
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RESEARCH METHOD 
 
The current research was carried out in the Fluidized Bed Dryer unit which is presented in Figure 
1 with specifications: glass columns with diameter of 8.7 cm, fluidization column height of 22.8 
cm, zeolite column height of 13.5 cm, two electric blowers of 660 watts and an electric heater of 
1,000 watts. This equipment is completed with measuring instruments for operating conditions 
such as; air temperature, air relative humidity, drying air velocity, voltage and electric current 
indicator for blowers and heater. 
 

 
Figure 1. Fluidized Bed Dryer 

 
The material used in this study was Arabica coffee beans harvested during the 2022 crop year 

in the eastern part of Bandung, Indonesia (6.93 o S, 107.72o E, 706 m altitude). Each batch consists 
of 100 grams of coffee bean with an initial moisture content of 34% after pre-drying. The natural 
zeolite used has a size range of 8-16 mesh as much as 150-200 grams. Drying air velocity is 1.789 
– 2.296 m/s (which is measured using a digital anemometer), with a temperature between 45 – 
55oC. Drying air is flowed by two blowers into the first column containing natural zeolite bed for 
the adsorption process, in order to reduce the air relative humidity, then the air is heated using 
an electric heater, and afterword the hot air is introduced into the fluidization column for drying 
of coffee beans. The temperature and relative humidity of the drying air were measured using a 
portable digital thermo-hygrometer, the sensor of which was inserted inside the plenum. The 
drying process is terminated when the bean moisture content reach 12,5% (w.b.). 

The water content of coffee beans is measured by means of gravimetric method. The energy 
consumed for the drying process is calculated based on the measurement of the electric current 
and voltage used for the blower and heater. Determination of protein content is carried out by 
the Kjeldahl’s method, while the carbohydrate content is determined by the Luff-Schoort’s 
method. 
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CONCLUSION 
 
Effect of Drying Air Velocity 
 
The drying process with drying air temperature of 50°C, air velocity of 1,789 m/s - 2,296 m/s, 
and the addition of 150 grams of zeolite as an adsorbent are presented in Figure 2. Figure 2.a 
shows that the air velocities of 2.296 m/s and 2.085 m/s result in a relatively the same drying 
time, which is 300 minutes. Meanwhile, at a velocity of 1.789 m/s the drying time is reduced by 
50 minutes. This phenomenon occurred due to overheating of air at low velocity which resulting 
in an increased air temperature to 51.5-54.3°C (desired operating condition is 50°C). 
 

  
 (a) (b) 

Figure 2.a. The Effect of Air Velocity on Drying Time; 2.b. Drying Rate at Varied air velocity 
 

Processing of drying data at various air velocities obtains the drying rate curve shown in 
Figure 2.b. This figure shows the two drying zones, namely constant rate drying zone and falling 
rate drying zone. At the beginning of the process when the moisture content is high, a constant 
drying rate was occurred, until most of the unbound water was eliminated, which is known as a 
critical point (Xc). After critical moisture content is reached, more energy is needed to remove the 
remaining bound water and therefore, the drying rate decreases and the curve deflects. The 
process changes to falling rate drying (at X lower than Xc).  The drying rate constants (Rc) at air 
velocities of 2.085 m/s and 2.296 m/s are almost the same, namely 0.080 kg/m2.min, while 
drying rate constant at air velocity of 1.789 m/s. is 0.088 kg/m2.min (10% higher than the drying 
rate at air velocity of 2.085 m/s). The increasing drying rate proves the occurrence of overheating 
of the air in the heater and results in a higher temperature difference between the drying air and 
the grains (which acts as a driving force for the movement of water vapor from the grain to the 
air). This means that the drying rate is enhanced by higher air temperature. 
 
 
 
 



INTERNATIONAL JOURNAL OF APLLIED TECHNOLOGY RESEARCH 
 

Effect of Drying Air Temperature 
 
Drying with an air velocity of 2.085 m/s, temperatures varying from 45, 50, and 55°C and a zeolite 
mass of 150 grams are presented in Figure 3. Figure 3.a shows that the higher the air temperature, 
the shorter the drying time. For air temperatures of 45, 50 and 55°C, drying times are 400, 300, 
and 240 minutes respectively. This phenomenon happens due to increasing partial pressure of 
the moisture in the coffee beans tissue at higher air temperature, which in turn causes increasing 
the mass transfer rate of water vapour from the coffee beans to the air stream, thereby decreasing 
the drying time. In addition, an increase in the drying air temperature will decrease the relative 
humidity (HR), resulting in a higher air capacity in capturing moisture vapour from the coffee 
beans. 

The effect of air temperature on the drying rate is presented in figure 3.b. This figure shows 
the occurrence of two drying rate zones, which are constant rate and falling rate, when the critical 
moisture content is reached. It also shows that the higher the air temperature, the higher the 
drying rate constant (Rc), which is 0.070; 0.082 and 0.100 kg/m2.min at air temperatures of 45, 
50, and 55°C respectively. However, drying at a temperature of 55oC results in 34.53% amount 
of coffee beans burnt on the horn skin, while at temperatures of 50°C and 45°C there is no burnt 
coffee beans. 
 

  
 (a) (b) 

Figure 3.a. Effect of Air Temperature on Drying Time 
3.b. Drying Rate Curve at Varying Air Temperatures 

 
Effect of Zeolite Adsorbent 
 
Adsorption of air humidity by zeolite with a mass of 150, 175, and 200 g, indicates that the greater 
the mass of zeolite, the greater the air moisture content reduction, namely by 0,018 t0 0,020 g/kg 
dry air. Air heating after zeolite adsorption resulted in a further decrease in relative humidity - 
RH, to 20.24, 19.10, and 18.38% which meet the requirement of relative humidity for drying (RH 
< 20%). Coffee bean drying with an air temperature of 50oC, air velocity of 1.97 to 2.09 m/s and 
zeolite adsorbent varied at 150, 175, and 200 grams is presented in Figure 4. 
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 (a) (b) 
Figure 4.a. Effect of Zeolite mass on Drying Time 

4.b. Sketch of air flow 
 

Figure 4.a shows that the greater the mass of zeolite, the shorter the drying time. This is 
because an increase in the mass of zeolite will increase the adsorption of moisture from the air 
and produce a drier air, which in turn increases the driving force against the mass transfer of 
water vapour from the surface of solid materials, that resulting in a shorter drying process. An 
increase in the mass of zeolite from 150 grams to 200 grams is able to reduce the drying time by 
26.91 %. The results of this study are in accordance with the research of [17][18] on drying of 
rice grain by means of a fluidized bed dryer assisted with zeolite adsorbent, which resulting in a 
shorter the drying time at a greater mass ratio of zeolite to grain. 

However, too large a mass of zeolite results in a significant pressure drop in the column 
(Figure 4.b) that reduces the air velocity to be used for coffee beans fluidization to 1.97 m/s. The 
decrease in fluidization air velocity causes a lower fluidization process and results in higher 
fraction of burnt bean, which means poor quality of coffee beans. Drying with a zeolite mass of 
175 grams resulting in 20.85% burnt coffee beans, while in zeolite mass of 200 grams burnt coffee 
beans increase to 33.46%. Too large a pressure drop in the zeolite column will lead to a waste of 
energy consumption on the blower. 
 
Changes of Air Relative Humidity by Adsorption and By Heating System 
 
The changing of air relative humidity (RH) resulted from 150 grams of zeolite Adsorption and 
by air heating of 50oC, as well as after the drying process at air velocity of 4.64, 5.52, and 6.03 
m/s is presented in figure 5.  
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Figure 5. Changes of air relative humidity by adsorption and heating 

at various air velocity 
 

Adsorption of air moisture using 150 grams of zeolite at air velocity of 4.64, 5.52, and 6.03 
m/s is able to reduce air relative humidity by 12.1-21.2% (from RH0 to RH1), meanwhile air 
heating to 50oC is able to reduce the RH (from RH1 to RH2) by 43.5-30%, which reach an RH2 of 
about 20%. It means that air heating gives more relative humidity reduction than that of zeolite 
adsorption. When the drying process is accomplished the RH3 increase to 27,4 – 30,4%.  
 

 
Figure 6. Changes of air relative humidity by adsorption and heat at various zeolite weight 

 
Figure 6 shows that air moisture adsorption using zeolite of 150-200 g with air velocity of 5.52 

m/s is able to decrease air RH (from RHo to RH1) by 20.6-21.8%; more zeolite weight gives 
insignificant RH reduction. Air heating to 50oC reduce RH (from RH1 to RH2) by 30.1-35,4%. 
Again, air heating contributes more reduction of relative humidity than zeolite adsorption.  
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Protein and Carbohydrate Levels of Product 
 
In the most researches, the quality of dried coffee beans is tested by brewed coffee by means 
organoleptic method and involving the coffee tasting experts. In such method the green beans 
need to be roasted, ground, and brewed. The taste of coffee brew can be predicted by carbohydrate 
and protein content of the beans which undergo reaction during the roasting process. Green 
coffee sugars and amino acids are the main substrates of Maillard and Strecker [17]   

Therefore, in this study we measure the level of those components in the product instead of 
using organoleptic test of brew. The protein and carbohydrate content of coffee beans before and 
after the drying process with an air temperature of 50° and 55°C is shown in Figure 7. 
 

 
Figure 7. Carbohydrate and Protein Levels in Coffee Beans Before and After Drying Process 

 
Based on Figure 7, drying of coffee beans at an air temperature of 50°C (300 minutes of time) 

leads to a decrease in protein levels of 3.46% and carbohydrate levels of 2.48%. Meanwhile, at 
an air temperature of 55°C (240 minutes of time) a decrease in protein levels is 2.01% and 
carbohydrate levels is 0.25%. The decrease in protein and carbohydrate levels after drying at an 
air temperature of 50°C and of 300 minutes of time is higher than that of air temperature of 55°C 
and 240 minutes of time. The drying time resulted from air temperature of 50°C is longer than 
at 55°C, resulting in more carbohydrates and proteins denaturation. This protein value is relevant 
to Rodrigues' research [18], that the protein content of coffee beans from any country is in the 
range of 11.1 – 15.0%, and that of Indonesian indigenous coffee is between 12.5 – 14.4%. 
Meanwhile, coffee carbohydrate levels vary from 55 -65.5% [19][20]. 
 
Energy Consumption in the Coffee Drying Process 
 
In coffee beans drying with a Fluidized Bed Dryer, there are two kinds of energy needed, namely 
energy for electric blower and energy for electric heater operations. The energy requirement for 
drying at a temperature of 50°C, and the mass of zeolite varying from 150 – 200 grams (air 
velocity of 2.085 -1.97m/s) is presented in Figure 8. 
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 (a) (b) 

Figure 8.a. Energy Requirements for Various Zeolite Mass, air temperature of 50oC 
b. Energy Requirements at Various Temperature, zeolite mass of 150 gram 

 
Figure 8.a shows that energy consumption for blower and heater decreases along with the 

increase in the mass of zeolite, with the lowest value of 4.87 kWh for a zeolite mass of 200 grams. 
Meanwhile, for zeolite mass of 150 and 175 gram resulting in almost the same energy 
consumption, of about 6.00 kWh. Drying process assisted by zeolite adsorbent results in a shorter 
drying time, so the total energy consumption becomes lower, since energy consumption is 
proportional to the duration of drying.  

Drying at a temperature of 45-55oC, with an air velocity of 2.085 m/s and a zeolite mass of 
150 grams (Figure 8.b) shows that energy consumption decreases as the air temperature 
increases, and the lowest energy consumption is obtained at a drying temperature of 55°C, which 
is 5.02 kWh. This occurs because at a temperature of 55°C the drying process take place at the 
fastest speed, that give the lowest total energy consumption.  

Energy consumed by heater is about 40 to 50% higher than energy consumed by blower, but 
when it is viewed from the decrease in RH, heating energy has a greater impact on drying process. 
In terms of energy consumption, temperature enhancement is more dominant in increasing the 
drying rate with good product quality results. 
 
CONCLUSION 
 
The optimum conditions of coffee beans drying process, indicated by a minimum protein and 
carbohydrate damage obtained at the drying air velocity of 2.1 m/s, air temperature of 55°C, 
drying time of 240 minutes, zeolite adsorbent mass of 150 grams, with energy consumption of 
5.02 kWh. The drying rate of coffee beans is mainly influenced by air temperature (more 
dominant) than the adsorption of air humidity by zeolite. 
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