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Abstract  This work constitutes a new strategy for teaching-learning the chemistry of natural products, being the 
students active participants in the process. Results showed in this activity contributed not only to the understanding 
of the subject but also turned out to be an important pillar of motivation. An essential oil is any of a class of volatile 
oils that give plants their characteristic odor. Essential oils are also known as ethereal oil, volatile oil, aetherolea,  
or simply as the oil of the plant from which they are extracted, such as oil of clove. The oil is “essential” in the  
sense that it contains the “essence of” vegetal specie fragrance, the characteristic fragrance of the plant from which  
it is derived. These can be extracted from different parts of plants such as stems, leaves and flowers. In this  
work, two conventional methods (steam distillation and Soxhlet extraction) and one non-conventional method 
(microwave-assisted extraction), was developed under different conditions from clove. The yield of clove oil and 
yield of eugenol were obtained; and the concentration of eugenol present was assessed by gas chromatography. The 
main objective was that the experimental activity with the theoretical foundation will provide to the students of 
organic chemistry the ability to link concepts and develop skills in the laboratory.  
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1. Introduction 

An experimental work have the potential to be an 
important medium for introducing students to developing 
practical skills and conceptual understanding in science 
[1]. In April 2013, the Next Generation Science Standards 
(NGSS) were released, which are composed of three 
strands: disciplinary core ideas, crosscutting concepts, science 
and engineering practices [2]. Science and engineering 
educators, and employers, agree that students should 
graduate from college with expertise in their major subject 
area as well as the skills and competencies necessary for 
productive participation in diverse work environments [3]. 
In this sense, this work proposes an introducing to organic 
chemistry students to the extraction process of natural 
products found in plants. The students used three methods 
of extraction of clove oil: steam distillation (SD), Soxhlet 
extraction and microwave-assisted extraction (MAE). 
Thus, the extraction and isolation of organic molecules 
from vegetal material can be used to reinforce in the 
students fundamental principles. It provides an overview 
of aromatic plants, essential oils (EOs), fundaments of 
extraction methods, different aspects of solubility, polar 
and non-polar characteristic of diverse compounds, 
fundaments of gas chromatography (GC). We expect to  
 

students develop critical thinking skills, team working, 
mastery of laboratory techniques, management and 
distribution of time.  

The vegetal species produce an amazing diversity of 
secondary metabolites, which have multiple functions 
throughout the plant’s life cycle [4,5]. In that direction 
have been investigated different methods for the 
extraction of EOs from aromatic plants. EOs are represent 
complex mixtures of up to hundred components. Between 
them these can be founded low molecular weight aliphatic 
compounds (alkanes, alcohols, aldehydes, ketones, esters, 
acids, monoterpenes, sesquiterpenes, and phenylpropanes) 
[6,7]. EOs are used by aromatize perfumes or fragrances 
[8].  

Clove oil has biological activities, such us antibacterial, 
antifungal, insecticidal and antioxidant properties, and 
traditionally is used as flavoring agent and antimicrobial 
material in food [9,10,11]. Eugenol is the major component 
in clove oil which also contains smaller amounts of 
eugenyl acetate and the terpenoid β- caryophyllene [12] 
(Figure 1). Eugenol belongs to the class of volatile 
phenylpropenes that are widely distributed across the plant 
kingdom [13]. Various therapeutic effects of this 
compound have been demonstrated, including antivirus, 
antibacterial, antipyresis, analgesia, anti-inflammatory, 
anticoagulation, anti-oxidation, antihypoxia and anti-ulcer 
[14].  
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Figure 1. Main components of clove oil (a) Eugenol, (b) β-Caryophyllene, 
(c) Eugenol acetate  

This practical work was proposed for students of 
chemical engineering and bachelor’s degree in chemistry; 
and consisted of five stages. In the first place, the 
theoretical content was developed. In the second stage, the 
first practical work of SD technique was realized. The 
third stage involves the extraction of EO of clove through 
Soxhlet technique. The fourth stage consisted in 
performing the MAE like a method alternative. In the fifth 
stage, the concentration of eugenol was determined by GC. 
At the end of stages the yields of EO and eugenol present 
in the same were calculated. After these stages was 
possible arrival to the conclusions of experimental work 
realized.  

Then, the basic theory of different techniques that were 
carried out in the laboratory will be explained.  

1.1. Steam Distillation  
Distillation is used for the purification of liquids and to 

separate components from a liquid mixture of different 
boiling points. In general, a distillation process involves 
heating the liquid mixture to the vapor state so as to 
enable the selective condensation and withdrawal of the 
components of interest [15,16].  

SD is based in the coexistence of two immiscible 
liquids (water and essential oil). The saturated vapors of 
immiscible liquids follow Dalton's Law on partial 
pressures. The boiling point of the mixture will be the 
temperature which the sum of the vapor pressure is equal 
to the atmospheric pressure. This temperature will be less 
than the boiling point of the most volatile component [17]. 
SD is used to separate essential oil from vegetal species 
[18].  

Figure 2 shows the steam distillation equipment. In this 
case the generated steam comes in contact with clove by 

dragging the volatile components. The mixture, saturated 
steam and essential oil, flows into the condenser, where it 
is condensed and subsequently separated by a Florentine tube. 

1.2. Soxhlet Extraction 
Soxhlet is a standard technique and the main reference 

for evaluating the performance of other solid–liquid 
extraction methods. In a conventional Soxhlet system 
(Figure 3), plant material is placed in a thimble-holder, 
and filled with condensed fresh solvent from a distillation 
flask. When the liquid reaches the overflow level, a siphon 
aspirates the solution of the thimble-holder and unloads it 
back into the distillation flask, carrying extracted solutes 
into the bulk liquid. In the solvent flask, solute is 
separated from the solvent using distillation. Solute is left 
in the flask and fresh solvent passes back into the plant 
solid bed. The operation is repeated until complete 
extraction is achieved. Soxhlet extraction strongly 
depends on matrix characteristics, particle size and the 
internal diffusion may be the limiting step during 
extraction [19]. This method is used by extraction of 
inorganic and organic pollutants. Besides have been used 
for extraction of pesticides from soil samples and natural 
products from medicinal plants [20,21].  

In this study, the effects of influential extraction 
parameters such as extraction time and solvents were 
studied to set up the optimal extraction conditions to 
obtain the maximum yield of EO and eugenol. 

1.3. Microwave-Assisted Extraction  
Microwave is an electromagnetic wave. It consists in a 

combination of an electric and magnetic fields which 
oscillates perpendicularly to each other in frequency 
ranged from 0.3 to 300 GHz [22]. MAE operates through 
cell bursting, which facilitates the entry of the extraction 
solvent to solubilize out the target compounds; this leads 
to faster extraction and prevents the degradation of target 
compounds [23].  

As advantages can be named; time reduction, rapid 
heating, less volume of solvent. The efficiency of MAE 
strongly relies on the selection of the operating conditions 
and the parameters affecting the extraction mechanisms 
and yield. The factors that may influence the performance 
of MAE are solvent nature, solvent to feed ratio, 
extraction time, microwave power, temperature, sample 
characteristic and effect of stirring [24].  

 

Figure 2. Steam Distillation equipment  
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Figure 3. Soxhlet equipment  

1.4. Gas Chromatography  
The chromatographic has as purpose the separation of 

mixtures of different capacity of interaction with components 
of others substances. Consist of the passage of a mobile 
phase through a stationary phase. The components of the 
samples overpass the stationary phase at different rates 
and therefore at different times, so that, each has a 
characteristic retention time.  

The chromatographic process is one in which mixtures 
of volatile compounds are separated by molecular size, boiling 
point, and polarity [25]. Basically, a small sample to be 
analyzed is injected into a flowing stream of a carrier gas 
and is forced through a column which allows the lighter 
components to easily flow through the column for detection. 
The heavier components are also separated from the column 
to the detectors in their respective weight order [26].  

2. Materials and Methods 

2.1. Plant Material 
Cloves were commercial one. The samples were dried 

in stove at a temperature of 40°C until constant weight, 
and then ground in a mortar.  

2.2. Steam Distillation 
The distillation equipment consisted of a 1000 ml steam 

generator, a 500 ml round-bottom flask where the sample 
is placed, a refrigerant and a collecting vessel. Water was 
placed in a steam generator and heated by a heating 
blanket. The sample (30 g) was placed in the contiguous 
round-bottom flask. This method was carried out at 
different times and the concentration of eugenol was 
determined for each one by GC. The yield was calculated 
by equation 1.  

 ( )(%) .100%.
( )

mass of EO gYield of EO
mass clove g

=  (1) 

2.3. Soxhlet Extraction 
This method was carried out using three solvents: water, 

n-hexane and ethanol. The choice of these was due to their 
polarity; the least polar is the n-hexane, the more polar the 
water and the ethanol of intermediate polarity.  

The samples (30 g) were extracted with of each solvent 
during 6 h. After extraction the extract was concentrated 
on rotary evaporator and the concentration of eugenol was 
analyzed by GC. The following extractions were performed 
with the solvent that obtained higher concentration of eugenol 
at different times (4, 6 and 8 h) and 30 g of sample. 

2.4. Microwave-Assisted Extraction  
The essential oil was extract from the plant under 

various conditions according to Taguchi method of 5 
factors and 5 levels, which was realized with Minitab 17 
[27] (Table 1). 

Table 1. Taguchi method of 5 factors and 5 levels  

Run N° 
Factor 1  
Temp.  
(°C) 

Factor 2  
Stirring  
(rpm) 

Factor 3  
Time  
(min) 

Factor 4  
Ethanol conc. 

 (%) 

Factor 5  
Liq: sol ratio  

(ml/mg) 
1 

30 

240 5 20 7 
2 480 10 40 10 
3 720 15 60 13 
4 960 20 80 16 
5 1200 25 100 19 
6 

40 

240 10 60 16 
7 480 15 80 19 
8 720 20 100 7 
9 960 25 20 10 
10 1200 5 40 13 
11 

50 

240 15 100 10 
12 480 20 20 13 
13 720 25 40 16 
14 960 5 60 19 
15 1200 10 80 7 
16 

60 

240 20 40 19 
17 480 25 60 7 
18 720 5 80 10 
19 960 10 100 13 
20 1200 15 20 16 
21 

70 

240 25 80 13 
22 480 5 100 16 
23 720 10 20 19 
24 960 15 40 7 
25 1200 20 60 10 
 
The experiments were carried out in an Anton Para 

Monowave 300 which has the characteristic that a stage 
controlled by power and temperature cannot be combined 
in an experiment. For this reason, of the two variables, 
only the temperature was analyzed. The range of variation 
of the same was from 30°C to 70°C, because the higher 
temperatures favor the degradation of the extracted 
compounds. In order to avoid the risk of thermal degradation 
and oxidation, MAE extraction time usually ranges from a 
few minutes to half an hour for the extraction of EOs [24]. 
The reaction time was set between 5 and 25 minutes. 
Another of the chosen parameters is the stirring. The values 
established in the levels correspond to 20, 40, 60, 80 and 
100 % of the maximum value that can reach (1200 rpm). 
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The solvent used was ethanol in 20 to 100 % solutions. 
The choice of it was because it is a good microwave 
absorber. The solvent volume was selected according to 
the volumetric capacity of the reaction cells, which varies 
between 6 and 20 ml. The solvent/solid ratio is important 
because it assure a homogenous and effective heating [28]. 

2.5. Gas Chromatography 
The concentrate was analyzed by GC to determinate the 

percent total peak-area of aroma compounds [29]. The 
concentration of eugenol was calculated from the calibration 
line obtained (Equation 2). 

 

( )
( )

46.191 0.415.

eugenol area mV
IP area mV

geugenol concentration
l

gIP concentration
l

 
 
 = +

 
 
 

 (2) 

From this result, the yield of eugenol was calculated by 
equation (3).  

 

( )

( )

%

.100%.

Yield of Eugenol

geugenol concentration
l

mass of EO g
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 (3) 

3. Results and Discussion 

3.1. Extraction of Essential Oil by Steam 
Distillation  

Figure 4 shows the yield of clove oil and eugenol 
obtained by SD. It can be observed that the yield of 
eugenol maximum was 49.15 % at a time that 6 h.  

 

Figure 4. (a) Yield of EO and (b) Yield of Eugenol obtained by SD at 
different times 

3.2. Extraction of Essential Oil by Soxhlet 
Figure 5 shows the result obtained for different 

conditions. Although the highest yield of EO was obtained 
with n-hexane, it presented a low yield of eugenol (equal 
to water) compared to ethanol, so the solvent chosen was 
ethanol. A time of 4 h gave the best yield of EO (31.9 %). 
However the yield of eugenol was only of 3.68 %, this is 
because ethanol has an intermediate polarity, so that 
decreased the purity of extract obtained (and extracted 
others compounds).  

Figure 6 shows chromatogram obtained for the clove oil 
with ethanol for 4 h and 30 g of sample. 

 

Figure 5. (a) Yield of EO and (b) Yield of Eugenol obtained by different 
solvents (c) Yield of EO and (d) Yield of Eugenol obtained at different 
times with ethanol 
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Figure 6. Chromatogram of clove oil. Internal patron: Methyl salicylate 
(1). Components: Eugenol (2), β-Caryophyllene (3), Eugenol acetate (4) 

3.3. Extraction of Essential Oil Assisted by 
Microwave  

In this study we focused to the Taguchi experimental 
design, which uses orthogonal arrangements. The 
orthogonal arrangement allows estimate the effects of 
factors in the mean and the variation of response. Each 
factor can be evaluated independently, so that the effect of 
one factor does not affect the estimate of the other. The 

extraction yields for the corresponding factors at each 
level were calculated. The mean values of the levels of 
each factor indicate how the extraction yield will change 
when the level of that factor is changed. Figure 7 can be 
seen the yield of EO for the corresponding factors at each 
level. With respect to ethanol solution, yield decreased 
from a solution of 40 %, indicating an optimum in this 
concentration. This behavior can be attributed that 
presence of water can improve the penetration of the 
solvent into the sample matrix and therefore the efficiency 
of the heating but an excessive amount of solvent can be 
insufficient heating. The highest yield was obtained at a 
temperature of 50 °C. The results show that an additional 
increase in extraction temperature reduced extraction yield. 
The stirring optimal was clearly at 720 rpm. With respect 
to time it presents a maximum yield to 15 minutes. The 
relation liquid:solid optimum was 7 ml/mg. We can see 
that relation superior to this decrease the yield, which can 
be explained through that the excess of solvent causes a 
poor heating. 

On the other hand, yield of eugenol obtained for each 
run is shown in Figure 8. The maximum yield of eugenol was 
47.5 % under the conditions of experiment number of 22. 

 

Figure 7. Effects of temperature, stirring, time, ethanol solution and relation liquid:solid on the extraction yield 

 

Figure 8. Yield of Eugenol according experiment number 

4. Conclusion  

This practical work proved to be an interesting in 
experimental terms and it represents a good manner to 
introduce the students in different aspects of knowledge in 
organic chemistry experimental methodology. The 
students carried out the extraction of active ingredients 
from cloves by several methods. SD, Soxhlet extraction 
and MAE have been successfully used for obtaining the 
corresponding EO. Analysis of the oil revealed differences 
between SD and Soxhlet extraction. For the same quantity 
of sample the yield of eugenol obtained by SD was 
notably higher compared to Soxhlet method. However, the 
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yield of EO was higher using the Soxhlet methodology. 
This shows that the yield of EO could be higher in one 
method but not the yield of one component as a 
consequence of the type of extraction solvent.  

Moreover, it was proposed as alternative method MAE. 
Results obtained by MAE show the conditions that ensure 
a maximum yield of eugenol are 70°C, 480 rpm, 5 min, 
100 % ethanol solution and a relation liquid:solid of 16 
ml/mg. This shows that a reduction of time is considerable 
compared with SD and soxhlet extraction. Besides MAE 
and SD produce similar yield of eugenol.  
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