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Abstract:  This paper has been studied on moisture content changes of dried medical herbs (ginger, lemon 

grass, onion and turmeric) using solar drying. The experimental of drying has been done in different mass flow 

rate. In first chamber, drying of medical herbs was carried out at mass flow rate 0.12 kg/s with an average 

temperature of 44 º C and humidity chamber of 27%. Meanwhile, second chamber drying of medical herbs was 

carried out at mass flow rate 0.06 kg/s with an average temperature of 54 º C and humidity chamber of 21%. 

The result shows that for turmeric, ginger and lemon grass, the initial content wet basis were 83 %, 89%, and 

65% with took 3.5 h, 4 h and 4.5 h to reach the final content wet basis about 8 %, respectively. For onion, 

shows that the time period of 4.5 h is required to reduce the moisture content of 78 % to 10 % at 44 °C with air 

relative humidity 27 %.  
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1. Introduction 
Chili have many health benefits for people 

where are in humid area. On the other hands, chili 

would be good candidates of health foods to help 

person adapt high humidity environment. May 

because of this reason Malaysian people, they using 

chili in the most of their daily foods. It is 

interesting that chili is easy to grow in area where 

are humid and warm, but keeping chili in humid 

area as fresh is very difficult. Therefore, chili has to 

as dried for keeping on long time. On of the 

traditional method for drying chili is open sun 

drying by using solar energy[1].  With this method, 

substantial losses of chili due to insects, animals 

and rain usually occur during drying[2].  

       

       Scientific and researchers had many studies on 

the various methods to improve drying chili by 

using solar energy draying for solve these 

problems. Hossain and bala[3] designed a solar 

tunnel drier can be used to dry up to 80 kg of fresh 

chilies. They concluded that the use of this drier led 

to considerable reduction in drying time in 

comparison to that of conventional sun drying 

considerable reduction in drying time in 

comparison to that of conventional sun drying. 

Desai et al[4], fabricated and evaluated a PAU 

model farm solar dryer for chili drying. Their result 

showed that there is saving in drying time of 37.5 

per cent for farm solar dryer over open sun drying. 

Tunde-Akintunde [5] has studied Mathematical 

modeling of sun and solar drying of chili to select a 

suitable drying equation. The Page model was 

found to best describe the drying behavior of chili 

pepper for sun and solar drying [6]. Kaewkiew et 
al[2]investigated performance of a large-scale 

greenhouse type solar dryer for drying chilli. They 

designed one solar dryer for chilli that nine DC 

fans powered by three 50 W solar cell modules 

were used to ventilate the dryer. The performance 

of an indirect forced convection solar drier 

integrated with heat storage material was designed, 

fabricated and investigated for chili drying by 

Mohanraj[7].The four varieties chilies (pricked and 

unpicked) were dried at different drying air 

temperatures of 45, 50, 55,60, and 65C to moisture 

content of 8% db by arora et al.[8]. Yong et al.[9] 

have investigated the effect of different mechanical 

pretreatments on the drying kinetics, color and 

volumetric shrinkage of chili in a heat pump 
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convective dryer experimentally. Results showed 

that the drying performance of the products that 

possess a skin of low moisture diffusivity, such as 

chili, can be improved significantly by making 

perforations in the skin. All of studies that 

mentioned above have investigated on various 

dryer systems to develop draying chili. 

 

One of the common dryer systems is heat pump 

dryer. Heat pump includes four main parts such as 

evaporator, compressor, expansion valve, and 

condenser [10-12]. The condenser provides heat in 

dryer chamber and evaporator can be removing the 

moisture content in dryer chamber, and hence it 

acts as dehumidifier [13, 14]. One important 

parameter in the drying process is the temperature 

of dryer chamber. Zafri et al. [15] have designed a 

heat pump dryer with assistant multifunctional 

solar thermal collector to increase temperature of 

dryer chamber and efficiency. This paper presents a 

study on experimental investigation draying chili 

by heat pump dryer with assistant multifunctional 

solar thermal collector. 

 

2. Material and Methods  
2.1 Experimental setup 

 
The heat pump dryer with assistant multifunctional 

solar thermal collector was installed at Solar 

Technology Park, UKM Malaysia. The dryer has a 

length of 0.65 m, width of 0.65 m and height of 

0.65 m. Capacity of dryer is about 20 kg of fresh 

chili. The dryer consists of a cubic structure made 

form aluminum sheets. The collector consists of 

aluminum rods and fins that are covered by 

transparent plastic sheet on the top, and rubber 

foam on the bottom. It has length of 0.65 m, and 

width of 0.65 m. The symbolic view of the dryer is 

shown in Fig. 1. This system includes four 

operations such as heat pump without solar 

collector, heat pump with solar collector, solar 

collector as cooling system, and solar thermal 

collector as an evaporator. Base on importance of 

temperature for chili drying, heat pump with solar 

collector considered to chili draying in this study. 

In fact, by combining two heat sources (heat pump, 

and solar energy), draying efficiency will be 

increase. 

 

The heat pump-solar dryer involve three main 

systems: heat pump system and solar system, 

drying chamber. As it is shown in Figure.2 

(schematic diagram of the system) is including heat 

pump system and the multifunctional solar thermal 

collector that are attached together. 

In this system, solar thermal collector has two 

outputs (a, and b), and one input(c). The dryer 

chamber has two outputs (g, and f) and two inputs 

(e, and d).  

The hot air from first thermal collector output (a) 

can be arriving to draying chamber (d) as direct by 

aluminum cannel. The air can be return back to 

input collector(c) from output draying chamber (g). 

Second output of solar thermal collector (b) acted 

as an evaporator to provide hot air for enters to heat 

pump evaporator. The compressor compressed 

working fluid of heat pump (R134a) that is 

superheated by evaporator of heat pump. The hot 

air for draying chamber (e) provides by releasing 

heat of working fluid with high temperature and 

pressure in condenser. Then, the high pressure 

R134a becomes liquid in super cool form by 

expansion valve. Output humid air from draying 

chamber (f) is passed though heats pump 

evaporator and becomes non-wet air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The Symbolic view of Heat pump-solar 

dryer 

 

 
 

Fig. 2.  The schematic diagram of the system 

 

 

 

 

 

2.2 Experimental procedure  
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In this study 15 kg of Chili (80% wb) was ready to 

drying operation in the heat pump-solar dryer to 

determine its possibility for drying chili. The chili 

peppers were washed in fresh water. Chilies were 

placed in three trays (that each tray includes 5 Kg 

chili) at draying chamber to determine the moisture 

loss of chilies during experiments. Draying chili 

experiment was done between 10:00 AM to 6:00 

PM. By using digital electronic balances, the 

moisture loss of chili was determined.  

The data were measured solar radiation, air 

temperature (ambient temperature and chamber 

temperature), and relative humidity. Solar radiation 

was measured by a pyranometer, air temperature 

was measured by T-type thermocouple, and relative 

humidity was measured by sensors where were 

installed in middle of drying chamber. 

To experimental test of open sun chili draying, one 

tray include 5 kg fresh chili was placed on the 

influence the sun. During the drying procedure, 

moisture content was evaluated by the weight of 

the chilies in the one tray of dryer chamber and tray 

of open sun. The temperature and relative humidity 

in heat pump-solar drier were recorded at 1 minute 

intervals during experiments by the ADAM Data 

Acquisition System connected to a computer. The 

experimental chili drying data was investigated in 

terms of reduction in moisture content and moisture 

ratio by increase draying time [16, 17]. 

 

2.3 determination of moisture content 
 

 The moisture content of chili (M) can be 

analyzed by two methods such as wet basis (wb) 

and dray basis (db) that shown respectively in Eq. 

(1), and  Eq. (2). 

The moisture content wet basis 

%100×
−

=

t

dt

wb
M

MM
M   (1) 

The moisture content dry basis  

d

dt

db
M

MM
M

−
=   (2) 

Where, 

tM = mass of wet chilies at instant t 

dM = mass of dry chilies 

 

2.4 determination of moisture ratio 

To better explain chili drying behavior, moisture 

ratio (MR) was calculated by using Eq. (3). 

   

eo

e

MM

MM
MR

−

−
=                                               (3) 

Where, 

M = Moisture content of the product, oM = Initial 

moisture content, eM = Equilibrium moisture 

content. 

3. Results and Discussion 
Fig. 3 showed experimental result of drying with 

mass flow rate of 0.12 kg/s, which obtained drying 

chamber temperature range around 29 
o
C to 50 

o
C, 

and an average temperature chamber about 44 
o
C. 

Also, relative humidity of drying chamber around 

14 % to 68 % with average about 27 %. Fig. 4 

showed experimental result of drying with mass 

flow rate of 0.06 kg/s, obtained drying chamber 

temperature range around 31 
o
C to 66 

o
C with 

average about 54 
o
C. Also, relative humidity of 

drying chamber around 12 % to 48 % with average 

about 21 %.  

 Fig. 5 and Fig. 6 showed decrease in moisture 

content wet basis and dry basis of drying at 27% 

RH and mass flow rate of 0.12 kg/s, respectively. 

For mass flow rate of 0.06 kg/s and average 

humidity of 21%, decrease in moisture content wet 

basis and dry basis showed in Fig. 7 and Fig 8. 

Decrease in moisture content wet basis of drying 

time at different mass flow rate was shown in Fig. 

9 to Fig. 11 respectively. 

 

 
 

Fig. 3. Air temperature and relative humidity of 

drying chamber at mass flow rate 0.12 kg/s 

 

 

 
 

Fig. 4. Air temperature and relative humidity of 

drying chamber at mass flow rate 0.06 kg/s 
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Fig.5. Drying curve: wet basis moisture content 

versus drying time at 27% RH and mass flow rate 

of 0.12 kg/s 

 

 
 

Fig. 6. Drying curve: dry basis moisture content 

versus drying time at at 27% RH and mass flow 

rate of 0.12 kg/s 

 

 

 
 

Fig.7. Drying curve: wet basis moisture content 

versus drying time at 21% RH and mass flow rate 

of 0.06 kg/s 

 

 

 
 

Fig. 8. Drying curve: dry basis moisture content 

versus drying time at at 21% RH and mass flow 

rate of 0.06 kg/s 

 

 

 
 

Fig.9. Drying curve: wet basis moisture content 

versus drying time for turmeric at different mass 

flow rate 
 

 

 
 

Fig.10. Drying curve: wet basis moisture content 

versus drying time for ginger at different mass flow 

rate 
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Fig.11. Drying curve: wet basis moisture content 

versus drying time for onion at different mass flow 

rate 

 

4. Conclusion 
This paper presents the moisture content changes of 

dried medical herbs (ginger, lemon grass, onion 

and turmeric) in solar drying. The turmeric, ginger 

and lemon grass were dried from moisture content 

of 83 %, 89%, and 65% (wet basis) to final 

moisture content about 8 % (wet basis) with drying 

time of 3.5 h, 4 h and 4.5 h, respectively. For 

drying of onion from moisture content of 78 % to 

moisture content of about 10 % with a drying time 

of 4.5 h. From the comparison of the experimental 

results, it shows that the process of drying at 

54 °C with 21% air relative humidity is the faster 

dry for drying of medical herbs (ginger, lemon 

grass, onion and turmeric). 
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