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Clove essential oil (EO) has a high eugenol content. 
Fresh cloves need to go through a drying and distillation 
process to produce essential oils. However, sun dry-
ing cannot be done optimally during the rainy season.  
Therefore, some farmers (SMEs) use the oven drying 
method. The initial study found that the eugenol con-
tent after the drying process decreased. Therefore, this 
study aimed to maintain high eugenol content in dry 
cloves. After identifying the problem, it is solved using 
the TRIZ method, and research is continued for a new 
oven prototype. Three issues are found in drying cloves 
based on field surveys and literature studies. First, the 
clove moisture content is not uniform after the drying 
process. The second problem was that the clove was 
too dry after the drying process and the eugenol con-
tent decreased. And the third problem is the oven that 
has been used so far is still fuel-wasting. The litera-
ture studies also found several parameters to be a re fe-
rence in designing a new oven: the number of trays in 
the oven, clove thickness, the space between the trays 
in the oven, and the steam gap on the tray. In addi-
tion, the appropriate oven coating material can also be 
determined (plywood, galvanized plate, and air). In the 
TRIZ method, several solutions were found to design 
a new oven. Eight things have been changed from the 
existing drying oven, including the number of trays in 
the oven, a steam gap in each tray, the size of the mesh 
used for the tray base, material for the drying oven, 
the thickness of the cloves on the tray, the temperature 
used in the drying process, installation of a thermostat 
to control the temperature in the oven, separate com-
bustion chamber from the tray space (indirect heating), 
and without using a blower.
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1. Introduction

After harvesting, the processing of clove flowers is generally 
done traditionally, mainly by farmers who do not have extensive 
planting land. After harvesting, farmers dry the cloves directly 
under the sun because not many farmers have clove dryers. How-
ever, sun drying has disadvantages, including being very depen-
dent on weather, taking a long time (5 to 7 days), the temperature 
cannot be controlled, and being prone to product contamination. 

Some drying technologies that have been studied and used 
are microwave drying, oven drying, spray drying, and freeze 
drying. Of the few technologies, oven drying seemed suitable 
for farmers’ needs due to the affordable price of the equipment, 
easy operation, and low operational costs. However, the existing  
dryer is still focused on reducing the moisture content of the pro-
duct, even though clove drying must pay attention to the levels 
of essential oils contained in it so that they do not evaporate.

Many factors can affect the amount of essential oil in 
cloves, some of which are drying time, drying temperature, 
and the thickness of the media. So far, many studies discuss 
the effect of temperature on product moisture content, but 

very little is associated with essential oils such as eugenol 
levels in cloves. Temperatures that are too high in the drying 
process can cause many essential oils to evaporate. The next 
factor that may affect the moisture content and eugenol levels  
in cloves is the thickness of cloves.

Some scientists have studied the design of drying ovens, 
such as ovens for wheat [1] and tunnel dryer designs for  
food crops [2].

Therefore, studies are devoted to designing a drying oven, 
which aims not only to focus on reducing the moisture con-
tent but also to maintain the eugenol content in dry cloves. 
To obtain an oven design with a specific purpose (maintain-
ing the eugenol content), the TRIZ method was used. That 
is a method that can provide solutions in terms of improving 
and worsening parameters.

2. Literature review and problem statement

Clove farmers in Indonesia are classified as small and me-
dium enterprises (SMEs). A small enterprise is a productive  
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economic business that stands alone. With limited funds, high 
operational costs, and even the number of workers, these small 
and medium enterprises need help to solve various problems. 
Not only a matter of financial management, marketing, and 
improving product quality. For example, clove farmers are con-
stantly faced with the quality of cloves after the drying process.

Drying is one of the common methods of plant preserva-
tion [3]. The purpose of drying is to inhibit enzymatic degra-
dation and prevent the growth of microorganisms, which in 
turn could prolong the shelf life of the product [4]. Sun drying 
is the most popular and economical drying method among 
farmers, especially farmers who live in a tropical area [5], but it 
will be difficult to dry if cloves are harvested during the rainy 
season. However, drying under the sun is not practical since 
it relies heavily on the weather, takes longer times, and causes 
exposure of the product to environmental contamination. 
Drying conditions such as time of drying, temperature, envi-
ronment, and equipment can cause negative and positive ef-
fects on the drying process [6]. The paper [7] presents research 
results that oven drying at 40 °C produces the largest per-
centage of essential oil yield compared to other methods. But 
the drying time is still longer than vacuum drying.Sun drying 
can cause substantial color and aroma degradation in many 
types of herbs [8].Meanwhile, sun drying causes a decrease in 
essential oil content if compared to hot air and shade drying. 
This may be caused by the fact that the sun drying tempera-
ture is difficult to control, as well as the wind velocity factor.

Essential oils (EOs) are the main ingredients of many vo-
latile medicinal plants like clove. There are many studies on the 
effects of different drying methods on EO results and medicinal 
plant composition. In [9], the temperature used in the oven dry-
ing process should not be too high. Therefore, in drying cloves, 
the temperature should not be too high as it can cause the loss 
of many volatile compounds.In [10], oven drying can increase 
volatile compounds but the yield of essential oils decreases. To 
date, there is limited research, if any, on the effect of drying 
on the EO content (eugenol) of clove buds. Even though the 
market or industry that needs dried clove flowers has a min-
imum standard of eugenol content of around 70 % while the 
maximum water content is 13–14 %. Thus, the introduction 
of the best drying methods for clove buds can be useful for 
increasing the yield and composition of EO, especially eugenol.

Typical clove trees can produce on average 20 to 30 kilo-
grams of fresh clove once harvested depending on the size 
and age of the tree. Dry cloves ready for sale are often rare 
when the rainy season lasts. In the rainy season, the supply of 
dried cloves from farmers is declining and slow. Farmers have 
difficulty in drying their crop cloves. Cloves can be dried in 
the dry season with the help of sunlight for 5 to 7 days with an 
average drying time between 8 to 10 hours per day. The dura-
tion of the clove drying process increases to 6–10 days even 
more in the rainy season, depending on rain intensity during 
the clove drying process. After drying, cloves have a moisture 
content ranging from 12 to 14 % and are brownish-red in 
color. For every 3 kilograms of wet cloves, on average, it will 
be 1 kilogram of cloves after drying. The increase in the clove 
drying process during the rainy season results in a queue of 
land for the clove drying process. Farmers must first wait for 
the soil to dry after rain to carry out the clove drying process.

The drying of cloves relies on sunlight, so it can only be 
done during the daytime and is impossible to do at night. 
Clove drying with the sun drying method during the dry sea-
son can take place well for farmers who have relatively large 
land. The obstacle in the dry season is that farmers do not 

have extensive dry land to dry the cloves of their crops. The 
queue of wet cloves that have not dried due to land factors 
and rain causes wet cloves to accumulate. This resulted in 
wet cloves being sold at a low price because it feared that they 
would not have a turn in the drying process until finally, the 
cloves were fermented and rot. A large number of wet cloves 
sold by farmers resulted in plummeting prices for wet cloves.

The main content of clove oil is eugenol, eugenol acetate, 
and caryophyllene. The highest yield ever obtained from 
high-quality clove flowers (20 % oil content) is 17 %. Sun 
drying of cloves can reduce eugenol levels because the tem-
perature cannot be adjusted. Oven drying seems to be an al-
ternative drying method with fast drying time, simple treat-
ment, and more controlled drying conditions. Some farmers 
have used ovens to help solve the sun drying problem. How-
ever, the drying results have not met the set standards, one 
of which is the eugenol content in dry cloves. Hence, it is 
necessary to do a lot of research to get maximum results.

In the TRIZ method approach (Fig. 1), specific problems 
that have been identified are converted into more general 
problems according to TRIZ. Then several alternative solu-
tions will be given according to the TRIZ method. Further-
more, it can be used as a more specific solution that is suitable 
for the purpose and can be applied. 

 

Specific 
Problem

TRIZ 
Problem

TRIZ 
Solution

Specific 
Solution

Fig.	1.	TRIZ	solution	approach	[11]

TRIZ methods are used to find a new invention to solve 
the issues in drying cloves by conventional oven drying. 
TRIZ assures the design of a new, quick and precise solu-
tion of problems to avoid wasting time providing too many 
alternatives solutions [12]. Alternative solutions from TRIZ 
methods are used to base the design of the prototype dryer. 
At this stage, the desired criteria and the obstacles faced 
are identified. The next step is to detail the problem based 
on the requirements, namely the breakdown of the problem 
based on the previous drying method’s constraints. After the 
problem is detailed, problem identification is made based on 
Altshuller’s 39 Parameters [13]. Fig. 1 summarizes the ability 
of the TRIZ solution approach to convert a specific problem 
into a specific solution. However, no research has thoroughly 
discussed the oven design to maintain the eugenol content 
in dry cloves. Therefore, this study will identify and resolve 
these problems using the TRIZ method. The findings of this 
study will recommend a drying oven design that can be ap-
plied to SMEs with high-quality dried cloves.

3. The aim and objectives of the study

The aim of the study is to overcome the problem of  
clove farmers (SMEs) in maintaining the eugenol content in 
dried cloves.

To achieve the aim, the following objectives are ac-
complished:

– to identify the problems in clove farmers that affect the 
eugenol content of dried cloves during the drying process;
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– to define the issues using the TRIZ method;
– to solve the problems using the TRIZ method;
– to design and develop a drying apparatus to keep euge-

nol levels in dried cloves high.

4. Materials and methods

The object of this research is to design an oven dryer that 
can maintain the eugenol content in dried cloves.

A hypothesis has been put forward that it is possible to 
increase the eugenol content in dry cloves using a new oven 
dryer design by considering the improving and worsening 
parameters of the TRIZ method.

The assumptions made are that the dimensions of cloves 
and the moisture content in fresh cloves are uniform. Natural 
air velocity, based on pressure differences (resulting from 
temperature differences). The surface area of the clove is in 
contact with hot air.

The first step is conducting some initial experiments to 
get some data for analysing the problem definition. After that, 
the problem is solved using the TRIZ method. TRIZ methods 
are used to find out a new invention to solve the problems in 
drying cloves by conventional oven drying. TRIZ assures the 
invention of a new, quick and precise solution of problems to 
avoid wasting time of providing too many alternative solutions.  
Alternative solutions from TRIZ methods are used to base the 
design of the prototype dryer.

Research studies are based on theory and experiment. 
The equipment is divided into theoretical research and ex-
perimental research equipment. There is research equipment, 
in theory, using a computer completed with software. And 
the equipment for experiments is an oven dryer direct heat-
ing system with a blower. The clove oven is made of plywood 
for the outer layer, galvanized plate for the inner layer with 
LPG (Liquid Petroleum Gas) as an energy source. The mois-
ture content is analyzed using Shimadzu MOC-120HMois-
ture Balance. While the analysis of eugenol levels is made us-
ing Shimadzu QP-2010GC-MS (Gas Chromatography-Mass 
Spectrophotometer). Fresh and dried cloves must be extrac-
ted first so that GC-MS can analyze them. The materials 
used in this research are fresh cloves (Syzygium aromaticum) 
obtained from East Java, Indonesia. 

5. Resultsof the research on the application of  
the TRIZ method to design an oven dryer to maintain  

the eugenol content

5. 1. Identification of clove farmer problems that affect 
the eugenol content of dry cloves during the drying process

Until now, clove farmers still use conventional methods 
to dry cloves. Fig. 2 shows sun drying carried out on the land 
around the farmer’s house. It appears that this drying method 
requires extensive land and can only be done with sunlight. 
The survey was carried out when the clove harvest was still 
in the rainy season so drying time was very limited. Also, 
the humidity of the surrounding air will increase, which will 
make the drying process longer.

Some farmers have simple oven dryers. An oven dryer can 
reduce the difficulties encountered in the sun drying process. 
Horizontal oven dryers with direct heating systems can be 
seen in Fig. 3. According to farmers, this horizontal type 
is fuel-wasting. The direct heating system makes the clove 

charred and contaminated with substances from the gas of 
fuel (LPG) combustion.

Fig.	2.	Sun	drying	method

Fig.	3.	Oven	drying	(direct	heating	system	with	blower)

The next stage is to analyze the cloves. The clove sample 
was analyzed to determine moisture and eugenol contents. 
Three samples need to be analyzed: fresh cloves, cloves dried 
by the sun drying method, and cloves dried by the horizontal 
oven drying method. From the three samples, GCMS results 
indicate that the highest content of clove oil is eugenol. Then 
the data from the analysis of moisture and eugenol contents 
are presented in Table 1.

Table	1
Moisture	and	eugenol	contents	of	cloves

Analysis
Fresh 
cloves

Cloves dried 
by sun drying

Cloves dried by 
oven drying

Moisture content 70.15 % 14 % 13 %

Eugenol content 75.95 % 54.66 % 58.17 %

The data in Table 1 show that the decrease in moisture 
content by sun drying and oven drying does not differ much 
and the two drying methods are still eligible with the moisture  
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content of dried cloves for industry requirements. In contrast 
to the results of eugenol content analysis, there was a de-
crease with both sun drying and oven drying.

5. 2. Problem definition using the TRIZ method
There are three problems found in drying cloves based on 

field surveys and literature studies. First, the clove moisture 
content is not uniform after the drying process. From litera-
ture studies and field surveys, this can be caused by the thick-
ness of the pile of cloves. Also, this can be due to the uneven 
circulation of hot air in the oven, resulting in uneven drying. 
The second problem is that cloves after drying are too dry so 
the results of the analysis of moisture and eugenol contents do 
not follow the Indonesian National Standard (SNI). The third 
problem is that the oven that has been used so far is still fuel- 
wasting. In Table 2, the three issues are identified to deter-
mine improving parameters according to the TRIZ method.

Table	2

Identification	of	Altshuller’s	39	Parameter

No. Cause of Bad Products Improving Parameters (TRIZ)

1
Moisture content in 
cloves is not uniform 
after the drying process

Shape (12)

Quantity of Substance (26)

2

Cloves are too dry after 
the drying process and 
the eugenol content 
decreased

Temperature (17)

The extent of Automation (38)

Shape (12)

3 Fuel wasting Power (21)

There are 39 improving and worsening parameters avail-
able in the Matrix of Contradictions, which can be selected 
according to the problem. Of the three issues in Table 1, there 
are several parameters for improvement that can be done. For 
the first problem regarding the uneven moisture content, im-
provements were made to the oven shape (Shape – Improving  
Parameters No. 12) and dried material in each batch (Quan-
tity of Substance – Improving Parameters No. 26). 

The second problem is the condition of cloves that are 
too dry. The appropriate improvement parameter changes 
the drying process temperature (Temperature – Improving 
Parameter No. 17). Excessively high temperature causes too 
much evaporation from inside the cloves. The clove drying 
process is about reducing moisture and eugenol contents. 
Moisture and eugenol contents must comply with the In-
donesian National Standard (SNI). In SNI, the maximum 
moisture content in dried cloves is 14 %, the eugenol content 
in clove essential oil is at least 78 %. Too much evaporation 
can cause the moisture content in dry cloves, and the eugenol 

content in clove essential oil is not up to standard. Therefore, 
to set the process temperature, there is also a need for an 
automatic device that can control and maintain the desired 
temperature. That is following the Improving parameter  
No. 38 Extent of Automation. With the Automation that can 
control temperature, the increase or decrease in temperature 
during the drying process can be controlled automatically.

The third problem is fuel wasting. The previous oven 
used an LPG energy source and was assisted by a blower 
to speed up the drying process. However, if recalculate, the 
energy used is enormous from LPG and power for the blower. 
Therefore, to reduce energy wasting [14], the blower can be 
removed (Power – Improving Parameter No. 21).

5. 3. Problem solving with the TRIZ method
The next step in the analysis of the several improving pa-

rameters will have any adverse effects. And can be specified in 
the 39 worsening parameters in the contradiction matrix of the 
TRIZ method, which can be made in Table 2. For the improving 
parameter – the shape of the first problem can cause an impact 
on changes in Productivity (No. 39), such as product output per 
unit time. Then the second impact of changing shape is Easy to 
Manufacture (No. 32). And the third impact on Force (No. 10) 
in TRIZ is any interaction intended to change an object’s 
condition. As for the improving parameter – the quantity of 
Substance impacts the Weight of the Stationary Object (No. 2).

In the second problem, temperature impacts the dura-
tion of an activity (Loss of Time, No. 25). On the improv-
ing parameter – Extent Automation affects Manufacturing 
Precision (No. 29), the extent to which the system’s actual 
characteristics or object match the specified or required cha-
racteristics. Improving the shape will impact Device Com-
plexity (No. 36), which is a more complicated oven shape 
than before. In the third problem, Improving Power can have 
an impact on speed (No. 9). Removing the blower in the oven 
will automatically reduce the drying rate. 

The contradiction matrix is Improving vs. Worsening 
System Parameters, which provides suggestions in inventive 
principles to solve the contradiction. There are 40 Inventive 
Principles in the contradiction matrix that are written num-
bers in the boxes as in Table 3.

In Table 3, some numbers are inventive principles figures.  
There are 40 inventive principles offered by the TRIZ me-
thod, which is a solution to the contradiction between im-
proving and worsening parameters.

For example, in the contradiction between Shape (im-
proving parameter) and Force (worsening parameter), there 
are four inventive principle solutions; 35 (Parameter Change), 
10 (Prior Action), 37 (Thermal Expansion), and 40 (Compo-
site Materials).

Table	3
Contradiction	matrix	for	solving	technical	contradictions

Worsening  
parameters

Improving  
parameters

Weight of Sta-
tionary Object

Speed
Force  

(Intensity)
Loss of 
Time

Manufactur-
ing Precision

Easy Ma-
nufacture

Device 
Complexity

Produc-
tivity

2 9 10 25 29 32 36 39

12 Shape 15 10 26 3 35 15 34 18 35 10 37 40 14 10 34 17 32 30 40 17 32128 16 29 1 28 17 26 34 10

17 Temperature 22 35 32 22836 30 35 10321 35 28 21 18 24 2627 21716 15 28 35

21 Power 19 26 17 27 15352 262 36 35 35 20 106 322 2610 34 20 19 30 34 28 35 34

26
Quantity of Sub-
stance/the Matter

27 26 18 35 35 29 34 28 35143 35 38 18 16 33 30 29135 27 31327 10 1329327

38 Extent of Automation 28 26 35 10 2810 235 24 28 35 30 28 26 18 23 12613 15 24 10 51235 26
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All four solutions can be selected or only a few according 
to the objectives to be achieved. But it is also permissible to 
choose what is appropriate. So, Table 4 describes the inven-
tive and sub-principle solutions and the suitable applications 
if applied.

Table 4 describes in more detail the inventive principles 
that have been selected accordingly and can be applied in 
designing clove drying ovens. Some sub-principles explain 
in more detail the inventive principles so that more specific 
and appropriate solutions are obtained. Then some of these 
solutions are used to create a new drying oven design.

5. 4. Design of the drying oven from the TRIZ method 
solution

From the solution given by the TRIZ method in Table 4, 
there are nine applications to the new oven design, namely: 

1. Multi Tray. Drying ovens are designed with multiple 
trays to maximize energy from hot air not to be wasted.  
In Fig. 4, there are three variations in the number of trays 

based on the distance between the trays. The number of trays 
is related to the thickness of the material to be dried, which 
also impacts productivity. In the experiment, it can be seen at 
what distance of trays the results of drying the cloves have an 
even moisture content.

2. Steam Gap on Tray. Each tray needs to be made with 
a gap to help the hot airflow up to the next tray. It aims to 
even out the heat in each tray so that each tray’s cloves get 
evenly heated. Slits in the tray are designed on the sides and 
in the middle, as shown in Fig. 5. This gap also helps the 
hot air flow easily distributed upward, as this oven design 
eliminates the blower to save energy. Without a blower, hot 
air can still flow upwards due to the temperature difference 
in the oven.

3. Mesh of Tray. The mesh size of the tray allows hot air 
to flow into the clove pile. The smaller the mesh on the tray, 
the easier it is for hot air to flow through the gaps into the 
cloves pile. In Fig. 6, the design for the top tray shows holes 
with a specific mesh size.

Table	4
Contradiction	matrix	and	inventive	principle	of	the	TRIZ	method

No.
Improving  
Parameters

Worsening  
Parameters

Inventive  
 Principles

Sub Principles Application

1 Shape (12)

Productivity (39)
Another  
Dimension (17)

Go single storey or layer to multi-storey or 
multi-layered

Multi Tray

Move into an additional dimension – from one 
to two – from two to three

Steam Gap on 
Tray

Easy Manufacture (32)
Another  
Dimension (17)

Move into an additional dimension – from one 
to two – from two to three

Mesh of Tray

Force (Intensity) (10)
Thermal  
Expansion (37)

Use multiple materials with different coeffi-
cients of thermal expansion

Material of Oven 
Wall

2
Quantity of  
Substance (26)

Weight of Stationary 
Object (2)

Parameter 
Change (35)

Change other parameters
Thickness of 
Cloves

3 Temperature (17) Loss of Time (25)
Parameter 
Change (35)

Change the temperature Temperature

4
Extent of  
Automation (38)

Manufacturing  
Precision (29)

Feedback (23)
Introduce feedback to improve a process or 
action

Thermostat

5 Shape (12) Device Complexity (36) Segmenting (1) Divide an object into independent parts Indirect Heating

6 Power (21) Speed (9) Taking Out (2)
Extract the disturbing part or property from 
an object

Without Blower

Fig.	4.	Multi-tray	oven	design:	a –	4	trays;	b –	5	trays;	c	–	6	trays

 a b c
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Fig.	5.	Steam	gap	on	the	tray

 
Fig.	6.	Mesh	of	the	tray

4. Oven Wall Material. The materials used in the manu-
facture of oven walls are plywood and galvanized plates. The 
choice of these two materials is based on low prices. Besides, 
it is necessary to choose suitable materials for the oven wall 
insulator so that not much heat from the oven comes out. 
Therefore, the selected insulator is air because it has no cost 
and has a small heat conductivity value of 0.024 W/m2·K. 
The layer of the oven wall uses a galvanized plate, then is 
fixed to plywood and space is given for air [15], and the 
outermost layer of the oven is made of plywood as in Fig. 7.

Inside Oven 

Plywood 

Air 

Plywood 

Galvanized 

Fig.	7.	Oven	wall	material

4. Clove Thickness. The thickness of the pile of cloves 
on the tray significantly affects the clove drying process, as 
shown in Fig. 8. The thicker the pile of cloves on the tray, 

the dry part will be uneven. The hot airflow from the heat 
source will hit the cloves at the bottom layer then the water 
evaporates from inside the cloves. If the pile is too thick, it 
will be difficult for the cloves in the middle and top layers 
to contact the hot air because too many cloves are blocked. 
Therefore, the thickness of the pile of cloves on the tray needs 
to be considered.

 

 

  
 
 
 
 
 
 
 

Clove 

Tray 

Heating 
Chamber 

Fresh 
Air 

Fresh 
Air 

Thickness 
of Clove 
Pile 

Fig.	8.	Thickness	of	the	clove	pile	on	the	tray

5. Temperature. A thermometer is installed in each tray 
and the combustion chamber to monitor and control the 
oven’s heat. The drying temperature was controlled with this 
temperature measuring device. The recommended drying 
temperature of cloves from several previous studies is around 
40–60 °C. If it is less than 40 °C, the evaporation process  
of water from inside the cloves is not optimal and takes  
a long time, but if it exceeds 60 °C it will cause the cloves to 
dry too much and the eugenol content will decrease. So, this 
thermometer is very helpful for drying oven users to monitor 
the drying temperature.

6. Thermostat. The thermostat is a device that can dis-
connect and connect an electric current when it detects 
changes in temperature in the surrounding environment ac-
cording to the specified temperature settings. In general, to-
day’s thermostats can be divided into two main types, name-
ly mechanical and electronic. Mechanical thermostats are  
a type of contact temperature sensor that uses electro-me-
chanical principles, while electronic thermostats use elec-
tronic components to detect temperature changes.

This thermostat uses a thermocouple as the sensor. The 
thermocouple is a type of temperature sensor used to detect 
or measure temperature by means of two different metal con-
ductors joined at the ends to give a «thermo-electric» effect.  
Thermocouples are one of the most popular temperature 
sensors and are often used in various electric and electro-
nic circuits or temperature-related equipment. Some of the 
advantages of the thermocouple that make it popular are 
fast response to temperature changes and wide operating 
temperature range from –200 °C to 2,000 °C. Apart from fast 
response and wide temperature range, the thermocouple is 
also resistant to shock or vibration and easy to use.

7. Indirect Heating. There are two types of heating sys-
tems in the drying process, direct heating and indirect heating.  
In the field survey, it was found that the oven used was a di-
rect heating oven. The problem is that drying is too intense, 
which can be caused by the direct heating system. And this 
causes the drying temperature to be too high in the oven 
chamber. As shown in Fig. 9, this drying oven design uses an 
indirect heating system to overcome the temperature rise.  
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In addition, it can also reduce clove contamination by com-
bustion gases. 

 

Fig.	9.	Indirect	heating	system[16]

8. Oven Without Blower. The oven dryer design does 
not use a blower to reduce the energy loss caused by using  
a blower in an oven dryer previously owned by farmers.  
In the study, an anemometer was used to measure the velo-
city of air flowing out of the oven dryer into the free air 
through the chimney or the top tray.

The drying oven will be designed simple and cheap 
enough, as shown in Fig. 10. The drying oven used is made 
of plywood for the outer layer, galvanized plate for the 
inner layer and uses air as an isolator. Then LPG (Liquid  
Petroleum Gas) is used as an energy source. This oven will 
be equipped with a thermostat so that the temperature can 
be controlled.

 
Fig.	10.	Design	of	the	drying	oven	for	clove

With the oven system change, this oven will overcome 
the shortcomings of the previous ovens, namely charred 
and contaminated clove. This oven uses an indirect heat-
ing system so that the combustion vapor does not directly 
contact cloves, which can avoid contamination. The trays 
use wire mesh so that hot air can flow through the wire  
mesh holes. Then the tray is given the air gap in the middle 
and on the side to help the hot air flow in each tray so that 

the hot airflow can be evenly distributed, and this can make 
the hot air coming from below evenly distributed up to  
the top tray.

6. Discussion of the new design of drying oven  
using the TRIZ method to maintain the eugenol  

content in dried cloves

The results showed that three problems have been 
identified (Table 2): the clove moisture content is not uni-
form after the drying process, clove drying is too intense 
so that the results of the analysis of moisture and eugenol  
contents do not meet the Indonesian National Stan-
dard (SNI) (Table 1), and the oven that has been used so far 
is still fuel-wasting. There are 40 inventive principles solu-
tions provided by the TRIZ method so that it can be selected 
according to the research objectives. Of the three problems, 
using the TRIZ method, several inventive principles solu-
tions were obtained, namely (1) segmenting, (2) taking out, 
(17) another dimension, (23) feedback, (37) thermal ex-
pansion, and (35) parameter change. Then in Table 4, these 
inventive principles solutions are described in more detail 
into sub-principles so that it is easier to determine the right 
solution if applied in real terms. Several solutions from the 
TRIZ method were applied to the initial design of the clove 
drying oven. There are eight things that have been changed 
from the existing drying oven.

This drying oven design prioritizes clove products, which 
have moisture content and eugenol content according to the 
standards required by the industry. Because the previous 
oven did not emphasize the eugenol content, the design 
was different, not only to reduce the moisture content but 
to maintain the high eugenol content. Hence many details 
are paid attention to compared to the ovens that have been  
used before. In this oven, there is a steam gap in each 
tray (Fig. 4), afterward hot air can flow from the bottom 
to the top tray without a blower. And the size of the mesh 
tray (Fig. 5) is also considered because it relates to the flow 
of hot air that can enter the clove pile. So that the surface 
area of the dried cloves is larger. Separation of the com-
bustion chamber (Fig. 8) is also not present in the previous 
oven, which aims to avoid product contamination with com-
bustion gases. Removing this oven blower aims to save fuel, 
because the blower can cause the hot air velocity to increase 
so that the hot air in the oven is wasted faster.

The limitations of this study are that currently the design 
of the oven is only devoted to drying cloves to maintain their 
eugenol content. This oven capacity is also designed for clove 
farmers with a capacity of about 8–12 kg. The disadvantage 
of this study is that this oven is still limited to drying cloves 
and has a limited capacity. Therefore, it is necessary to make 
a prototype to test the feasibility of this oven design. Further 
studies are needed to increase capacity.

7. Conclusions

1. By identifying the problem of drying cloves, it is 
known that the eugenol content after the drying process  
has decreased.

2. The first step in designing a clove drying oven is to use 
the TRIZ method to determine the improving parameters  
of the three problems that have been identified.
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3. With the Contradiction Matrix and Inventive Prin-
ciple of the TRIZ method, suitable applications to new oven 
designs are obtained.

4. The new drying oven design according to the TRIZ me-
thod is an oven with an indirect heating system, without a blower 
and with a different tray design (using a steam gap and mesh size).

References

1. Sun, Y., Guo, X., Xu, B., Wang, C., Wang, Y., Jiao, Y. et. al. (2019). Design and test of a novel wheat drying oven based on the  

real-time utilization of diesel engine waste heat. Cogent Engineering, 6 (1). doi: https://doi.org/10.1080/23311916.2019.1673118 

2. Ajala, A. S., Ngoddy, P. O., Olajide, J. O. (1970). Design and construction of a tunel dryer for food crops drying. International  

Multidisciplinary Research Journal, 8, 01–07. doi: https://doi.org/10.25081/imrj.2018.v8.3449 

3. Mahmoodi Sourestani, M., Malekzadeh, M., Tava, A. (2014). Influence of drying, storage and distillation times on essential oil 

yield and composition of anise hyssop [Agastache foeniculum (Pursh.) Kuntze]. Journal of Essential Oil Research, 26 (3), 177–184. 

doi: https://doi.org/10.1080/10412905.2014.882274 

4. Alma, M. H., Erta , M., Nitz, S., Kollmannsberger, H. (2007). Chemical composition and content of essential oil from the bud of cul-

tivated Turkish clove (Syzygium aromaticum L.). BioResources, 2 (2), 265–269. doi: https://doi.org/10.15376/biores.2.2.265-269 

5. Hastuti, L. T., Saepudin, E., Cahyana, A. H., Rahayu, D. U. C., Murni, V. W., Haib, J. (2017). The influence of sun drying process 

and prolonged storage on composition of essential oil from clove buds (Syzygium aromaticum). AIP Conference Proceedings.  

doi: https://doi.org/10.1063/1.4991196 

6. Ozdemir, N., Ozgen, Y., Kiralan, M., Bayrak, A., Arslan, N., Ramadan, M. F. (2017). Effect of different drying methods on the essen-

tial oil yield, composition and antioxidant activity of Origanum vulgare L. and Origanum onites L. Journal of Food Measurement 

and Characterization, 12 (2), 820–825. doi: https://doi.org/10.1007/s11694-017-9696-x 

7. Ebadi, M. T., Azizi, M., Sefidkon, F., Ahmadi, N. (2015). Influence of different drying methods on drying period, essential oil con-

tent and composition of Lippia citriodora Kunth. Journal of Applied Research on Medicinal and Aromatic Plants, 2 (4), 182–187.  

doi: https://doi.org/10.1016/j.jarmap.2015.06.001 

8. Thamkaew, G., Sj holm, I., Galindo, F. G. (2020). A review of drying methods for improving the quality of dried herbs. Critical 

Reviews in Food Science and Nutrition, 61 (11), 1763–1786. doi: https://doi.org/10.1080/10408398.2020.1765309 

9. Murni, V. W., Saepudin, E., Cahyana, A. H., Rahayu, D. U. C., Hastuti, L. T., Haib, J. (2017). Effect of oven drying and storage 

on essential oil composition of clove (Syzygium aromaticum) from Toli-Toli. AIP Conference Proceedings. doi: https://doi.org/ 

10.1063/1.4991188 

10. Ghasemi Pirbalouti, A., Salehi, S., Craker, L. (2017). Effect of drying methods on qualitative and quantitative properties of essential 

oil from the aerial parts of coriander. Journal of Applied Research on Medicinal and Aromatic Plants, 4, 35–40. doi: https://doi.org/ 

10.1016/j.jarmap.2016.07.006 

11. Mansoor, M., Mariun, N., AbdulWahab, N. I. (2017). Innovating problem solving for sustainable green roofs: Potential us-

age of TRIZ – Theory of inventive problem solving. Ecological Engineering, 99, 209–221. doi: https://doi.org/10.1016/ 

j.ecoleng.2016.11.036 

12. Ekmekci, I., Nebati, E. E. (2019). Triz Methodology and Applications. Procedia Computer Science, 158, 303–315. doi: https:// 

doi.org/10.1016/j.procs.2019.09.056 

13. Petrov, V. (2019). Review of TRIZ. TRIZ. Theory of Inventive Problem Solving, 13–33. doi: https://doi.org/10.1007/ 

978-3-030-04254-7_2 

14. Russo, D., Sch fer, M., Bersano, G. (2015). Supporting ECO-innovation in SMEs by TRIZ Eco-guidelines. Procedia Engineer-

ing, 131, 831–839. doi: https://doi.org/10.1016/j.proeng.2015.12.388 

15. Irawan, B., Subagiyo, S., Suyono, E. H. (2017). Numerical Solution and Scale Analysis Method of Nusselt Numbers for Vertical 

Flat Plate and Closed Cavity. International Review of Mechanical Engineering (IREME), 11 (12), 945. doi: https://doi.org/ 

10.15866/ireme.v11i12.11881 

16. Dewanti, B. S. D., Ismail, A. F., Yulian, E., Adesta, T. (2020). Alternative Drying Methods to Improve the Quality of Dried Cloves. 

Test Engineering and Management. TEST, 6928–6939. Available at: https://www.researchgate.net/publication/344827750_Alter-

native_Drying_Methods_to_Improve_the_Quality_of_Dried_Cloves


