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Abstract - To maintain the quality of the agricultural products post-harvesting process is considered as the most significant. 
In this process the drying treatment has the direct impact on preservation and safe storage of the crops. Since Oscimum 
sanctum commonly known as Tulsi has different ayurvedic and medicinal applications. Thus, a study on drying treatment of 
tulsi leaves were considered by applying the concept Design and Analysis of Experiments. The different experiments were 
carried out with temperature and air velocity as the major factors which is suspected to have an influence on the moisture 
content. The experiment was conducted with two techniques, one with using electric blower and room heater for drying the 
tulsi leaves and the other with using solar energy respectively. Finally, ANOVA was performed and the experiment with 

highest moisture reduction was considered as the optimum which can be carried out for future usage. 
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I. INTRODUCTION 

 

The genus Oscimum is one of the important 

aromaticgroup of herbaceous plants belonging to the 

family Lamiaceae. This plant is not only used as the 

medicinal crop but also as condiments in salads and 

other foods. A decoction of the leaves is used in 

fevers and coughs. To utilize the properties of Tulsi 

leaves, it has to be preserved with drying treatment. 

Drying is a phenomenon of removal of moisture 
content by evaporation process. The crops which has 

to be stored for the future use must be completely 

dried, as the presence of moisture may lead to 

favorable growth of microorganisms and enhance the 

germination of the stored seeds. So as to extract the 

moisture content in the tulsi leaves, the process 

carried out is the solar crop dryer with performing a 

set of experiments and determining the optimum. In 

these systems the solar drying is assisted by the 

movement of air that removes the more saturated air 

away from the substances being dried. 

Solar crop drying is the process which is used to dry 
the crops using solar energy. There are many other 

processes such as electric drying process, open drying 

processes etc., Since the open drying process has 

limitations such as quality of crop gets reduced and 

those crops may be affected with insects too. The 

electric drying process can provide better heat 

treatment but the main limitation is affordability and 

cost. Thus, to utilize the naturally available resources 

and to overcome the limitations solar crop dryer 

system was applied. The solar crop dryer can be 

constructed with different types such as cabinet 
drying, shade drying, tray drying and sun drying. 

Through various types of solar drying the different 

parameters such as moisture, humidity, color, 

chlorophyll loss in dried crops can be determined. 

The solar energy is that type of energy which uses the 

sun rays directly or indirectly to provide either 

electricity or can be utilized for drying treatment and 

many other applications. Thus, utilizing these kinds 

of renewable resources which is freely available in a 

surrounding environment not only increases the 

global production but also improves the per capita 

income. 

DoE is a systematic method to determine the 

relationship between factors affecting a process and 
the output of that process. It is mainly employed to 

find out the cause and effect relationships. This kind 

of information is necessary to find out the optimum 

response. 

Analysis of variance: 
Analysis of variance is a collection of statistical 

models and their associated estimation procedures 

used to analyze the differences among group means 

in a sample. Once the results are obtained, the 

analysis among the obtained results will be carried 

out. Analysis of variance is usually preferred to 

compare the testing among two or more groups. In 
solar crop dryer experiment the relationship between 

temperature and air velocity with each individual and 

the interaction will be studied using ANOVA. 

 

II. MATERIALS AND METHODS 

 

The electric blower experiment was conducted by 

using the below mentioned materials 

1. The electric blower 

2. Connection pipe 

3. Cabinet 
4. Tulsi Samples 

5. Temperature Sensor Setup 

6. 2KW Room Heater 

7. 2.5mm wire 
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The electric blower which consists of water 

manometer was used to control the flow rate of air 
connected to the cabinet. The temperature sensor 

DS18B20 was used to measure the temperature inside 

the cabinet. The 2 KW room heater was placed inside 

the cabinet and was provided with electrical 

connections using the 2.5 mm copper wires. 

The water monometer was adjusted to provide three 

different velocities 1.08 m/s, 1.25 m/s, 1.40 m/s 

respectively. At 45, 55, and 65 degree Celsius of 

temperature the final weight of tulsi samples were 

determined with 30 minutes of time duration with 4 

replications. The readings obtained by the 

combination of above-mentioned factors was inserted 
in the Minitab software and the results was analyzed 

by performing ANOVA. 

 

 
Figure 1: Cabinet 

 

 
Figure 2: Electric Blower 

 

The dried air in this system was circulated to the 

cabinet through a rubber hose. The tulsi leaves were 

placed inside the cabinet and tested with three 

different values of temperature and air velocity. The 

highest moisture reduction percentage was 

determined. 

 
Figure 3: Drying treatment of tulsi with room heater device 

 

To determine the temperature and to control the 

temperature with the required values the following 

temperature sensor DS18B20 was used. This sensor is 

used to measure the temperature in degree centigrade 

within the range -55 to 125 respectively. The 

DS18B20 is a water proof sensor which is user 

programmable system. It can be applied to the 
required experiment by using 4.7 kilo ohm resistor to 

obtain the better results. Materials required to 

construct DS18B20 are 

 

 Arduino Uno 

 DS18B20 Sensor 

 4.7 kilo ohm resistor 

 Jumper wires 

 Insulation Tape. 

 

 
Figure 4: Arduino board with electrical connections 

 

The sensor consists of 3 ends such as voltage port, 

ground and data. The data port was soldered to 4.7 

kilo ohm resistor and then attached to Pin 2 on 

Arduino Board using jumper wires. Similarly, the 

other end of the resistor was connected to voltage 

port and then attached to 5V pin on Arduino board. 

The ground was attached to ground pin of Arduino. 

The DS18B20 program was dumped to Arduino 
board and the temperature of air current was 

determined in the serial monitor of Arduino 

programming software. 
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Figure 5: Temperature sensor DS18B20 

 

Materials required: 

1. Aluminium frames (1m*2m) 

2. Aluminium sheet (1m*2m) 

3. Black absorber sheet with fins 

4. Toughened Glass (4mm Thickness) 

5. 3/16 nuts and bolts 

6. Rivets 

7. Cabinet 

8. L Shape Clamps 
 

Experimental setup: 

The solar collector was constructed by above 

mentioned materials. The aluminium frames were 

closely attached using the L shape clamps using the 

3/16 nuts and bolts respectively. To cover the bottom 

most part aluminium sheet was attached using the 

rivets and rivet gun. The black absorber sheet with 

fins was constructed so as to maximize the flow rate 

of heat supplied. Since the powder coating process 

provides long lasting, economical and durable finish 
with the range of color options for nearly any type of 

metal. In addition, a powder coated surface will be 

more resistant against scratches, chipping, wear, and 

fading compared to other type of finishes. Thus, the 

powder coating process was undertaken before its 

installment. 

 

 
Figure 6: Aluminium frames with aluminium sheet at the 

bottom 

 
Figure 7: Powder coated aluminium sheet with fins 

 

Glass wool is an insulating material made from fibers 

of glass arranged using a binder into a texture similar 

to wool. The process traps many small pockets of air 

between the glass, and these small air pockets result 

in high thermal insulation properties. Hence, the 

thermal bed was prepared in between the aluminium 

sheet and the absorber sheet so as to increase the heat 

supplied. 

 

 
Figure 8: Thermal bed creation using glass wool 

 
The toughened glass was fixed above the frame using 

the glass beading which traps the heat penetrated 

through it. Finally, the whole assembly was placed on 

an inclined stand so as to obtain the better amount of 

solar radiations. 

The electric blower was connected to the inlet of 

solar collector with the optimum results obtained by 

the analysis. The outlet section was connected to the 

cabinet through which the heated air will be supplied 

to the tulsi samples placed inside the cabinet. 
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Figure 9: Solar energy collector 

 

III. RESULTS AND DISCUSSIONS 

 

The results were obtained by conducting the electric 
blower experiment at 45,55 and 65 degree Celsius of 

temperature and 1.4,1.25 and 1.08 m/s of air velocity 

respectively. 

 

 

 

 

 

 
The set of results were obtained by performing solar 

crop dryer experiment at 65 degree Celsius of 

temperature and 1.4 m/s of air velocity. Finally, the 

results were compared between the results obtained 

through electric blower experiment. 

 
 

IV. MINITAB AND GRAPHICAL ANALYSIS 

 

Theobtained results from electric blower experiment 

was inserted in the Minitab software so as to study 

the Analysis of variance by considering temperature 

and air velocity as the main factors. The temperature 

factor was found to be most significant compared to 

the error obtained. 
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Through the graphical analysis between mean and air 

velocity the weight reduction of the tulsi leaves were 
greatly reduced from 100 grams to 55.11 grams when 

it was exposed to 65 degree Celsius of temperature 

and 1.40 m/s of air velocity. 

 

 
 

Further drying time vs final weight graph was plotted 

through which as the temperature increases the 
weight of the tulsi leaves will be reduced. Thus, at 65 

degree Celsius of temperature and 1.40 m/s of 

velocity, in the duration of two hours the weight 

gradually reduced from 100 grams to 55.11 grams 

respectively. Thus, in every analysis gradual 

decreasing curve is obtained which concludes that the 

weight reduces as the time increases at constant 

temperature and air velocity. 

 

At T = 65 °C and V = 1.40 m/s 

 
 

At T = 65°C and V = 1.25 m/s 

 
 

At T = 65 °C and V = 1.08 m/s 

 
 

V. CONCLUSION 

 
This type of optimization process was successfully 

conducted with two different experimentation 

process. By using the concept design and analysis of 

experiments totally nine different experiments were 

conducted and through analysis of variance the one 

with highest reduction moisture was found to be 

noticed when the tulsi leaves were dried at 65 degree 

Celsius of temperature and 1.4 m/s of air velocity. 

The moisture reduction obtained with four 

replications were compared and verified by 

performing the same experiment but using solar 
energy directly instead of electric blower and room 

heater. The final reduction of moisture was found to 

be 55 grams which is nearer to 55.11 grams. Thus, 

this process concludes that rather than using electrical 

energy the natural available resource sun energy can 

be utilized with some initial required installment. 
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