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Abstract 

 The essential oils are frequently used in food processing industry, perfumery, cosmetics, and 

pharmaceuticals. Most of the oils were obtained by steam distillation and water distillation. It is necessary to 

specify the best conditions of essential oils production to get much more major compound(s) and higher yield 

oil. So, fennel oil was selected in this study. The objective of this work was to identify the effect of powder’s 

particle size, pH of water, method of distillation and using ultrasound on extraction of fennel essential oil (and 

its major constituent, anethole). We used a statistical method called D-optimal Design that appointed pH, 

particle size, and method for each assay. First, the seeds powder distillated directly. In the second series, the 

seeds were placed in an ultrasonic apparatus for 30 minutes. The essential oils were subsequently isolated by 

two methods, hydro-distillation, and steam-distillation in different sizes and pH in Clevenger apparatus. Gas 

chromatography was used to determination of major component (E-anethole) in fennel essential oils. Finally, 

optimum conditions according to the statistical results are as follows: Method: steam distillation, and mesh size: 

50. So it shows that steam distillation is more efficiently than water distillation. 
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1. Introduction 

 The increased interest in natural products, 

rather than synthetic agents, has focused 

attention on plants as a source of flavoring 

compounds [1]. Essential oils are volatile 

aromatic compounds that evaporate in air at 
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normal temperature. Essential oil is the basic 

material of producing perfumes and cosmetics. 

The essential oil which is derived from spices, 

such as fennel oil, pepper oil, cinnamon oil, 

ginger oil, clove oil, and coriander oil is 

commonly used as a food and beverages flavor 

[2]. One of the potential plants is 

Foeniculumvulgare Mill. (Fennel), a plant that 

belongs to Umbelliferae (Apiaceae). The 

fennel oil is useful in pharmaceutical industry 

as flavor and carminative [3]. The main 

component of fennel oil is anethole (55-75%) 

[4]. The fennel oil quality depends on the 

amount of anethole content. The fennel oil 

with higher anethole content has better quality 

[5].So, it is necessary to specify the best 

conditions of essential oils to get much more 

anethole and higher oil yield. 

 Previous researches have shown that 

factors such as extraction method, mesh size, 

and distillation time affect the quality and 

quantity of essential oil of aromatic plants. 

Essential oil of fennel cultivated in Iran was 

obtained by hydrodistillation and supercritical 

(CO2) extraction (SFE) methods. The effects 

of different parameters, such as pressure, 

temperature, modifier volume, and extraction 

time, on the supercritical fluid extraction of 

fennel oil were investigated. The results 

showed that under pressure of 350 atm, 

temperature 55ºC, methanol 5% and dynamic 

extraction time of 45 min, the extraction was 

more selective for the extraction of (E)-

anethol. Sixteen compounds were identified in 

the hydrodistilled oil. However, by using 

supercritical carbon dioxide in optimum 

conditions, only nine components represented 

more than 99% of the oil. The results showed 

that in Iranian fennel oil, (E)-anethol is a 

major component [6]. 

 Fennel seeds, growing wild in Montenegro, 

were extracted with supercritical CO2 (SC-

CO2) at a flow rate of 0.2 kg CO2/h under 

varying extraction conditions in order to 

determine yield, composition, and 

organoleptic characteristics of extract. The 

extracts obtained were compared to fennel 

seed oil isolated by hydrodistillation. In the 

SC-CO2, extracts as well in the hydrodistilled 

oil, the major compound was trans-anethole 

(68.6–75.0%) and (62.0%), respectively. With 

pressure varying from 80 to 150 bar and 

temperature varying from 40 to 57 °C, it was 

found that for the selected herb material, the 

optimal conditions of SC-CO2 extraction (high 

percentage of trans-anethole) are pressure: 100 

bar; temperature: 40 °C; and extraction time: 

120 min. Organoleptic tests confirmed that 

hydrodistilled oil possessed a less intense 

fennel seed aroma than extracts obtained by 

SC-CO2 [7]. 

 The influence of distillation conditions on 

the essential oil composition of fennel has 

been studied previously. For instance 

hydrodistillation was conducted in four 

different process time (15, 30, 60 and 150 

minutes) and the steam distillation was 

conducted at 150 minutes. The oils were 

analyzed by GC and GC/MS. 91.37 to 97.57% 

of the oil consisted of these compounds. E-

anethole, estragole, and fenchone were the 

most frequent compounds. The highest percent 

of anethole was at 30 minute [8]. 
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 Desirable percentage and compounds of the 

essential oil could be achieved from 

Pimpinella affinis by selection of the condition 

of essential oil extraction. Three methods of 

oil extraction including hydrodistillation, 

water-steamdistillation, and direct steam 

distillation were applied based upon Taguchi 

statistical method in three levels to determine 

the quantitative and qualitative effects of the 

parameters namely method, time, and mesh on 

essential oil. Mean comparisons of essential 

oil yield showed that more content of 

limonene, trans-α-bergamotene, and geijerene 

was obtained by mesh size 20 in hydro-

distillation and steam distillation methods. 

Mesh size 40 and time 2.5 h gave the best 

result for elemicin and germacrene B in steam 

distillation method. The maximum and 

minimum essential oil yield was respectively 

obtained by mesh size 20 and 14 in water-

steam distillation method [9]. 

 In another study on other herbs, the effect 

of three distillation methods including 

hydrodistillation, water-steam distillation, and 

direct steam distillation on the essential oil 

content and composition of Thymus vulgaris 

were studied. Among distillation methods, the 

highest oil yield was obtained by direct steam 

distillation (1.20%) [10]. 

 The ultrasonically assisted extraction is a 

newer technique used in extraction technology 

for oils and other plant components [11-12]. 

 Probably ultrasound with the destruction of 

plant tissues facilitates the release of essential 

oils. We want to know that if this method has 

any effect on the amount of essential oil of 

fennel and its active ingredient. Also, the 

essential oils manufacturers may use different 

types of water (minerals, springs, wells, 

plumbing, distillates, etc.) to extract the 

essential oils, which may have different pH 

and affect the essential oils, and also may 

change and transform them. In this study, the 

effect of different pH (acidic and basic) on the 

amount of essential oil and its active 

ingredient will be investigated. On the other 

hand, it may already have been known that the 

crushing and cutting of the plant's tissues by 

increasing the particle surface can facilitate the 

penetration of boiling water and steam into the 

tissue, increasing the amount of essential oil. 

In this manuscript, different sizes of particles 

of fennel seeds are prepared and this will be 

checked and assured. Pharmacopoeia essential 

oils (other than essential oils of citrus) should 

be prepared by steam distillation method. In 

this paper, the difference between this method 

and water distillation on fennel seeds and its 

effect on the amount of active ingredient will 

be investigated. 

 The objective of this work was to identify 

the effect of powder’s particle size, pH of 

water, method of distillation and using 

ultrasound on extraction of fennel essential oil 

(and especially, major component 

anethole).The probably effects of pH of water 

used in distillation methods, on essential oil 

yield and major component content is studied, 

too. 

 

2. Materials and Methods 

 The study was carried out in the School of 

Pharmacy; SBMU. We used a statistical 

method called D-optimal Design that 
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appointed pH, particle size, and method for 

each assay (Table 1). The dried fennel seeds 

were purchased (herbal market, Tehran, June 

2015) and identified. Then, it milled and 

passed from different meshes. Two series of 

experiments were conducted. First, the seeds 

powder distilled directly. In the second series 

the seeds were placed in an ultrasonic 

apparatus (Chtomtech UC-10200 BDT) for 30 

minutes [13]. The essential oils were 

subsequently isolated by two methods, 

hydrodistillation in Clevenger-type apparatus 

and steam distillation, in different sizes (25, 

30, 40, 50) and pH. Some solutions with 

different pH (5.5, 5.8, 7, 7.4 and 8.5) were 

prepared (14). Then, all of the solvents were 

confirmed by pH-meter. A total of 50 g of dry 

seeds were used in each distillation (for 3 hrs). 

 The calculation of the time started when the 

first fennel oil dropped into the decanter and it 

finished when the fennel oil was not dropped 

anymore [14]. Analytical gas chromatography 

(GC) was used to determine the essential oil 

composition. 

2.1. Hydrodistillation 

 The essential oil yield was determined by 

hydrodistillation in Clevenger apparatus. 50 g 

of seeds was used for essential oil extraction. 

The extraction was performed at boiling water 

over three following hours and the oil content 

was recorded. The process completed by 

adding anhydrous Na2SO4 into fennel oil to 

absorb any residual water from it. 

 

2.2. Steam distillation Extract 

 Steam distillation is a distillation process 

using steam. It flows through a circular pipe 

which is located below the porous material and 

the vapor moves upward through the material 

that is located on the top sieve [12]. 50 g of the 

seeds was used for essential oil extraction by 

using this method. Finally, the essential oil 

content was recorded and the mixture was 

dried using anhydrous Na2SO4. 

 

2.3. Gas Chromatography 

 The essential oils were analyzed using an 

Agilent gas chromatograph, Model 7890A, 

equipped with a flame ionization detector 

(FID) and an HP-5 capillary column (30m× 

320 μm, film thickness 0.25 μm). Injector and 

detector temperatures were set as 250 °C and 

300 °C, respectively. Column oven 

temperature was programmed from 50 °C to 

120 °C at a rate of 3 °C/min; initial and final 

temperatures were held for 3 and 10 min. 

Nitrogen was used as carrier gas at a flow rate 

of 2 mL/min. The samples were solubilized in 

Hexane (50μlof oil /1000 μl of solvent) and 1 

μl of solution was injected, using split mode 

(split ratio, 1:10). As standard (major 

component of fennel oil), different dilutions of 

Table 1. D-optimal design for appointed pH, 

particle size and distillation method. 

Run pH Mesh 

size 

Method 

1 5.5 25 water 

2 5.5 50 water 

3 5.8 40 water 

4 7 50 water 

5 7.4 25 water 

6 7.4 40 water 

7 8.5 25 water 

8 8.5 50 water 

9 ----- 25 steam 

10 ----- 30 steam 

11 ----- 40 steam 

12 ----- 50 steam 
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E-anethole (No. 8100429, Merck) was injected 

to GC and its calibration curvedrawn up. 

 

3. Results and Discussion 

 The volume of fennel oil and the anethole 

concentration in the first series of tests 

(without ultrasound) are given in table 2. 

 Table 3 shows the results in the second 

series of tests (with ultrasound). 

 According to figure 1 and 2, in both 

methods of steam distillation (without and 

with ultrasound), whatever the plant became 

smaller, the volume of essential oils and the 

concentration of anethole was less. So, 

powdering the seeds should be avoided in this 

method. It seems that water steams couldn’t 

pass through the mass of seeds powder and it 

decreases the yield of essential oils. 

 According to figure 3 and 4, in the water 

distillation method at the same condition, the 

volume of essential oils and the concentration 

of anethole were more. These results are the 

same with the study done by Habibzadeh et al 

[9].According to figure 5 and 6, pH has no 

significant effect on the volume of essential 

oils and the concentration of anethole. 

 As a result of comparing the two stages 

(without and with ultrasound) we find that 

after the ultrasound, the volume of essential 

oils and the concentration of anethole 

approximately 20% increased [11]. Maybe, 

ultrasound improve penetrate steam or water 

into herb tissues and oil exit (and anethole). 

This is the first report of using ultrasound in 

the extraction of essential oils. 

 According to statistical results, we found 

that a 2 factor interaction model appropriately 

fit the data. The correlation coefficient (R2) 

and adjusted R2 of this model are 0.913 and 

0.814, respectively,which means that the 

model can explain more than 91% of the 

variability in the response and that less than 

9% of the  variability is due to noise. In 

addition, the coefficient of variation (C.V. %), 

an estimate of the standard deviation around 

the mean associated with the experiment, is 

4.32,which indicates the precision 

Table 2.The results of fennel oil volume and 

the anethole concentration related to pH, size 

and distillation methods (without ultrasound). 

Run oil volume (mL) Anethole 

(g/mL) 

 1 0.7 0.062 

2 0.9 0.075 

3 1.1 0.072 

4 1 0.073 

5 0.6 0.063 

6 0.7 0.084 

7 0.9 0.087 

8 0.9 0.075 

9 0.8 0.084 

10 0.6 0.077 

11 0.9 0.073 

12 0.6 0.075 

 

 

Table 3. The results of fennel oil volume and 

the anethole concentration related to pH, size, 

and distillation methods (with ultrasound). 

Run oil volume 

(mL) 

Anethole 

(g/mL) 

 1 0.8 0.089 

2 1 0.072 

3 1 0.080 

4 1.4 0.076 

5 0.5 0.076 

6 1 0.094 

7 0.6 0.080 

8 1.5 0.088 

9 0.9 0.079 

10 0.8 0.086 

11 1 0.068 

12 1.3 0.057 

 



Tavakolizadeh M, et al / IJPS 2018; 14 (1):35-44 

40 
 

 

 

Figure 1. Anethole concentration at different sizes in a steamdistillation method,in a non-ultrasound step. 

 

 

Figure 2. Anethole concentration at different sizes in a steamdistillation method with ultrasound. 

 

 

Figure 3. Anethole concentration at different sizes with the same pH in a waterdistillation method,in a non-

ultrasound step. 
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reliability of the model. Thus it can be 

concluded that the 2 factor intraction model 

can be used to determination of optimal 

factors. 

In figure 7, the response surface shows a 

curvature along the particle size and pH on 

Anethole concentration. 

 

 

Figure 4. Anethole concentration at different sizes with the same pH in a water distillation method,with 

ultrasound. 

 

Figure 5. Anethole concentration at different pH in a waterdistillation method,in a non-ultrasound step. 

 

Figure 6. Anethole concentration at different pH in a waterdistillation method,with ultrasound. 
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4. Conclusion 

 As final results, optimum conditions 

according to the statistical results are as 

follows: Method: steam distillation, and mesh 

size: 50. So, it shows that steam distillation is 

more efficient than water distillation. These 

results are identical with those of study by 

Nikkhah et al [10]. 
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