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ABSTRACT

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 drying cannot be
done optimally during the rainy season, so some farmers use the oven drying method.
The initial study found that the eugenol content after the drying process decreased by
17%—20%. Therefore, his study has four successive objectives to maintain high eugenol
content in dry cloves. The first objective is to identify factors that are affecting the
eugenol content of the clove buds during the drying process. The second is to propose
a modification drying model by combining various parameters. Next, to design and
develop a drying apparatus to keep eugenol levels in clove buds high. And the fourth
objective is to fabricate the prototype drying apparatus on the lab scale. After the
problem was identified, the problem was solved using two methods, first theoretically
through a combination of existing formulas, second through the TRIZ method, and
continued research for a new oven prototype. The theoretical method showed that the
porosity in the clove pile can affect the drying process. Hence, in the theoretical method,
a formula was found to determine the thickness of the clove pile. The theoretical method
also found several parameters to be a reference in designing a new oven, namely the
number of trays in the oven (4, 5, 7, and 10), clove thickness (1, 1.5, 2, and 2.5 cm), the
space between the trays in the oven, and steam gap on the tray (1-3 cm). In addition, it
can also determine the appropriate oven coating material (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 combustion chamber from tray space (indirect heating), and without using a
blower. Several parameters were adjusted in the experiment using a drying oven
prototype according to the theoretical calculation results and the TRIZ method results.
In researching the new prototype oven, five parameters were used to get optimal results.
These five parameters were obtained from the solution using the TRIZ method, namely
temperature, the thickness of the pile of cloves, steam gap, size of the mesh tray, and
the distance between the trays. Optimization using Response Surface Methodology
(RSM) was divided into two stages on three responses: drying rate, eugenol content,
and energy. From the results of optimization and verification in the first stage, it was
found that three factors; temperature (70 °C), thickness (1 cm), and steam gap (3 cm),
gave appropriate results (error below 5%) for the three responses (drying rate, eugenol
content, and energy). Then, from the results of optimization and verification in the
second stage, it was found that three factors; temperature (74 °C), a mesh of tray (10
mesh), and space of tray (12 cm) also gave appropriate results (error below 5%) for the
three responses (drying rate, eugenol content, and energy). In conclusion, the new oven
design based on theoretical calculations and the results of the TRIZ method can produce
dry cloves which have eugenol content above 70%.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Clove (Syzygium aromaticum) belongs to the Myrtaceae family of the Myrtales order.
It is a spice plant that originated in Maluku, Indonesia (Amelia et al., 2017). Cultivation
of clove trees began in islands and countries including the Comoros Islands, Tanzania,
Sri Lanka, Madagascar, and Indonesia, with Indonesia as the leading producer (Baietto,
2014). In Indonesia, the largest clove production comes from Java and Manado (Amelia
et al., 2017). Originally, part of the clove plant, which is the clove flower, was used
mainly as medicine, especially for nutritional health. Cloves are included in the

plantation sector commodities which is an essential contributor to farmers’ income.

Clove farmers in Indonesia are classified as micro and small enterprises. Micro
and small enterprises, according to Law No. 20 of 2008, are productive businesses that
are independently owned by an individual or a legal entity. With limited funds, large
operational costs, and a small number of workers, these micro and small enterprises
need help with various problems, including how to improve product quality. For

example, the quality of cloves after the drying process.

The central part of the commercially valuable clove plant, which is the clove
buds, is mostly used in the cigarette industry as well as in food industries. However,
through innovation, other parts of the clove plant, namely leaves and flower stalks, have
also been used as sources of clove oil used in pharmaceutical, cosmetics, and other
industries. The main product of clove plants is clove buds, which are usually preserved
in dry form. Processing of clove buds is generally carried out simply, mostly done by
the farmers who have a relatively small area of the plantation. Usually, only a small
number of them use semi-mechanical processing similar to what is being done at the
significant plantation level. The drying process of clove buds is usually done under the
sun. During the dry season, the drying process of clove buds takes typically 5 to 7 days

to dry before it is ready to be used or to be stored. However, the disadvantage of this



drying system is that if the weather is not conducive, such as during the rainy season
and high humidity, a large area of land is needed. If left too long in moist air, it will be
covered by mould. The advantage of this natural heat process is that the drying results
are reasonably good because clove buds would not be exposed to extreme heat and the

cost is reasonably cheap because they do not require energy for heating.

Drying is one of the common methods of plant preservation (Sourestani,
Malekzadeh & Tava 2014). The purpose of drying is to inhibit enzymatic degradation
and prevent the growth of the microorganism which in turn could prolong the shelf life
of the product (Ebadi et al., 2015; Alma et al., 2007; Xie et al., 2015). Sun-drying is the
most popular and economical drying method among farmers, especially farmers who
live in tropical areas (Hastuti et al., 2017). However, drying under the sun is not
practical since it relies heavily on the weather, takes a longer time, and causes exposure
of the product to environmental contamination (Pirbalouti et al., 2013). Drying
conditions such as time of drying, temperature, environment, and equipment can cause

negative and positive effects on the drying process (Ozdemir et al., 2018).

Essential oils (EOs) are the main ingredients of many volatile medicinal plants
such as cloves. There are many studies on the effects of different drying methods on EO
results and medicinal plant composition (Ozdemir et al., 2018; Murni et al., 2017;
Ghasemi Pirbalouti et al., 2017a; Doymaz, 2012; Pirbalouti et al., 2013). 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 needs dried clove flowers, they have a
minimum eugenol content standard of around 70% and 13—-14% maximum moisture
content. Thus, the introduction of the best drying methods for clove buds can be useful

for increasing the yield and composition of their EO, especially Eugenol.

1.2 STATEMENT OF THE PROBLEM

Typical clove trees on average can produce 20 to 30 kilograms of fresh clove once
harvested, depending on the size and age of the tree. Ready for sale dry cloves are often

rare when the rainy season. During the rainy season, the supply of dried cloves from



farmers declines because they have difficulty drying their crop cloves. Cloves can be
dried during the dry season with the help of sunlight for 5 to 7 days with an average
drying time of between 8 to 10 hours per day. The duration of the clove drying process
increases to 6 to 10 days even more in the rainy season, depending on the intensity of
the rain during the clove drying process. After drying, cloves have a moisture content
ranging from 12 to 14 % and are brownish red. For every 3 kilograms of wet cloves, on
average, it will end up as 1 kilogram after drying. The increase in the clove drying
process during the rainy season results in a scramble over the land needed for the drying
process. Farmers must wait for dry land first from the humidity from the rain. Figure

4.1 shows the current (traditional) drying processes with the sun drying method.

The drying of cloves relies on sunlight which can only be done during the
daytime and is impossible to do at night. Clove drying using the sun drying method
during the dry season is effective for farmers who have relatively large lands. The
obstacle in the dry season arises when farmers do not have extensive dry lands to dry
the cloves. The number of wet cloves that have not dried due to land factors and rain
causes wet cloves would 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 become fermented and rotten. A large amount of wet cloves leads to

plummeting prices.

Clove flowers contain about 10-20% oil, clove stalks 5—-10%, and clove leaves
1-4% (Nanan Nurdjannah, 2004). 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%. If cloves are dried in the sun, the process can reduce
eugenol levels because the temperature cannot be adjusted. Oven drying seems to be an
alternative drying method that offers fast-drying time, simple treatment, and more
controlled drying conditions. Some farmers have used ovens to help solve the sun
drying problem. However, the drying results have not met the set standards, one of
which is the eugenol content in dry cloves. Therefore, further research is needed to

investigate drying methods that could produce the high eugenol content in dry cloves.



1.3 RESEARCH PHILOSOPHY

Cloves are widely used for various purposes, namely as ingredients for medicines and
enhancers of races and aroma of food and drinks as well as raw materials for clove
cigarettes and cosmetics. The use of cloves has evolved to include raw materials for
antiseptics, fungicides, bactericides, insecticides, and anaesthetic drugs for animals. The
extent of the use of cloves is due to the component of essential oils contained in the
flowers, stems, and clove leaves. The main component of clove essential oil is eugenol,

which is the active ingredient in medicines.

Processing of clove flowers after harvesting is generally still done traditionally,
mostly done by farmers who do have not extensive planting land. After harvesting, the
farmers dry the cloves directly under the sun because not many farmers have clove
dryers. Sun-drying has many disadvantages, including being very dependent on the
weather, taking a long time (5 to 7 days), having no temperature control, and being

prone to product contamination. Often, a dryer is needed to overcome these problems.

Some drying technologies that have been studied include microwave-drying,
oven-drying, spray-drying, and freeze-drying. Of the few technologies, oven-drying
seemed suitable for farmers' needs because the price of the equipment is still affordable,
the operation is easy, and the operational costs are cheap. However, the existing dryer
is still focused on reducing the moisture content of the product even though clove drying
must pay attention to the level of essential oils contained and ensure that it does 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 levels of essential oils such as eugenol levels in cloves. High
temperatures during the drying process can cause many essential oils to evaporate. The
next factor that was maybe affecting moisture content and eugenol levels in cloves is

the thickness of cloves.



Initial experiments have been carried out to obtain variations in temperature and
thickness of the media to set the activity using the oven drying. At the same time, a
combination and simulation were carried out in several journals and books on formulas

relating to heat transfer, thermodynamics, and mechanical fluid.

The literature search was done by selecting various research, article, and
discussion related to oven drying for agriculture. Related research has been traced
through published work in the last two years via Scopus, Google Scholar, and Research
Gate, producing more than 16.000 literature under the keywords “oven drying for
agriculture.” Interviews with clove farmers were conducted to collect their information
and uncover difficulties with drying cloves. The analysis results of the literature review,
initial experiment, and farmers' interviews were used as research guidance to design a

novel oven drying setup method.

1.4 RESEARCH OBJECTIVES

The study aimed to achieve the following objectives:

1. To identify factors that are affecting the eugenol content of the clove buds
during the drying process.

2. To propose a modification drying model by combining various parameters.

3. To design and develop a drying apparatus to keep eugenol levels in clove
buds remain high.

4. To fabricate the prototype drying apparatus on the lab scale.

1.5 RESEARCH METHODOLOGY

The main effort of the present investigation was to develop drying equipment (oven
drying) based on problem definition and manufacturing prototype. The research
methodology was divided into four research objectives to make it easier to conduct and

structure as shown in Figure 1.1. The first was to identify factors that are affecting the



eugenol content of the clove buds during the drying process. Then a field survey was
done to find out the problems faced by farmers in the clove drying process. After that,
a study of the literature on drying agro-industrial products from various sources was

performed to get a suitable solution.

Secondly, existing formulas from journals and books about heat transfer,
thermodynamics, mechanical fluids, and so on were combined. Then simulation of the

existing formulas was done to develop a new formula.

The third step was conducting some initial experiments to get some data for
analysing the problem definition, and then using the TRIZ methods to solve the
problem. TRIZ methods were used to find out an invention to solve the problems in
drying cloves by conventional oven drying. TRIZ assured the invention of a new, quick,
and precise solution that could resolve the problems to avoid wasting the time by
providing too many alternative solutions. Alternative solutions from TRIZ methods

were used to base the design of the prototype dryer.

Literature Review
&
Field Survey

\ 4

Combining &
Modifying existing Equipment Design
Formula

\4

Prototype
Experiment &
Adjustment

Final Report

Figure 1.1 Simple Flow Chart of Research Methodology





