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A simple, fast and efficient combined extraction/preconcentration method composed of vortex-assisted

extraction (VAE) and dispersive liquid–liquid microextraction (DLLME) coupled with gas chromatography-

mass spectrometry (GC-MS) was developed for determination of essential oil constituents of the plant

Achillea wilhelmsii. Methanol and chloroform were used as the extraction and preconcentration solvents,

respectively. The effective parameters of the extraction process were optimized by the one-at-a-time

method. The optimal conditions were determined as 25 mL of chloroform, 7.5% (w/v) of salt

concentration, and 2 min of extraction time. The linear dynamic range (LDR) for the oil components was

within 0.01–100 and 0.1–100 mg L�1 characterized by determination coefficients (R2) between 0.9990

and 0.9998. The limits of detection (LODs) were from 3.0 to 30.0 mg L�1. The relative standard deviations

(RSDs, n ¼ 5) were 2.3–4.7%. The enhancement factors (EFs) ranged from 80 to 91. The extraction yield

of the essential oil by hydrodistillation was 1.02% (w/w). The main components of the Achillea wilhelmsii

essential oil were determined as: borneol (21.23%), cis-chrysanthenyl acetate (20.92%), camphor (9.24%),

trans-chrysanthenyl acetate (8.63%) and 1,8-cineole (7.16%). The antimicrobial activity of the essential oil

against 10 different species of bacteria with two most commonly used methods of the disc diffusion

method (DDM) and the broth dilution method (BDM) was investigated. The essential oil showed

inhibitory activity against Escherichia coli, Bacillus cereus, and Staphylococcus aureus with the highest

activity for Escherichia coli.

1. Introduction

Hydrodistillation,1 steam distillation2–4 and solvent extraction4,5

are the conventional methods for isolation of essential oils from

aromatic plants. However, these methods suffer from some

drawbacks and limitations such as losses of some volatile

compounds, low extraction efficiency, long extraction time,

degradation of unsaturated compounds through thermal or

hydrolytic effects, toxic solvent residue in the extract, and

consuming large amounts of energy and plant materials.6–8

Among the recently developed methods, vortex-assisted

liquid–liquid extraction (VALLE) introduced by Yiantzi et al.9 is

a simple and fast equilibrium-based solvent microextraction

technique. In this method, the extraction solvent is dispersed

into the sample solution using a vortex stirrer.10 Accordingly,

VALLE is an improvement on dispersive liquid–liquid micro-

extraction (DLLME) in which an organic solvent is used to

disperse the extraction solvent. The vortex mixing breaks the

organic extraction solvent into submicron-size droplets, and the

contact surface area between the solvent and the sample is

greatly increased. This process shortens the diffusion distance

between the analytes and the extraction solvent.11,12 In the

previous studies, VALLE has been used mainly for liquid–liquid

extraction. To the best of our knowledge, the present study is

the rst to examine this technique for direct extraction of

essential oil from the plant materials into a suitable organic

solvent (solid–liquid extraction). Essential oils are found in

microscopic secretory glands that are situated in various parts

of a plant. Themechanical agitation induced by vortex mixing of

sample solutions can break up the glands and cause the release

of their contents into the extraction solvent, and thus intensies

the mass transfer. The VAE method can be operated at reduced

temperatures that are benecial to the botanical materials

which are sensitive to temperature. Coupling the extraction

process with a preconcentration method such as dispersive

liquid–liquid microextraction (DLLME) enhances the sensitivity

of the method. The DLLME method is a very simple, fast and

efficient preconcentration technique with a high recovery and
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enrichment factor. In this technique, an appropriate mixture of

preconcentration and disperser solvents is injected rapidly into

aqueous sample solution. Therewith, a cloudy solution, con-

sisting of tiny droplets of the extraction solvent dispersed

entirely in the aqueous phase, is formed. The large contact

surface area between aqueous and organic phases leads to the

establishment a fast equilibrium. In this step, the analytes are

transferred into the preconcentration solvent. Aerwards, the

cloudy solution is centrifuged to separate the phases. Finally,

the organic phase is removed and analyzed for determination of

analyte(s) by an appropriate instrumental technique.13

Among various techniques for analysis of essential oils, gas

chromatography (GC) provides the most effective separation in

the shortest time for the volatile compounds. GC coupled with

mass spectrometry (MS) has been used for quantication and

chemical identication of plant's volatile compounds.14 There-

fore, GC-MS is one of the most important methods for the

analysis of essential oils. The main advantages of GC-MS are the

potential of analyzing complex mixtures and identifying the

separated components by using mass spectra, the high sensi-

tivity and the low LOD.15

The present work is aimed at the development of a simple,

fast, efficient and sensitive method for extraction of essential

oils. The VAE method coupled with DLLME is used for extrac-

tion and enrichment of the plant Achillea wilhelmsii essential

oil. The effective parameters affecting the performance of the

method are investigated by the one-at-a-time method. Finally,

the preconcentrated compounds are analyzed by the GC-MS

technique. In order to evaluate the method efficiency, the total

chromatographic peak areas for the components of the essen-

tial oil were considered as the experimental response.

Achillea wilhelmsii C. Koch (with the local name of “Buma-

daran”) is wildly grown in different regions of Iran, especially in

central and western areas. It has long been used in traditional

Persian medicine as a tonic and carminative plant in the

treatment of pulmonary conditions.16,17 The hydro-alcoholic

extract of this plant has shown antihypertensive and anti-

hyperlipidemic activity in humans.18 It is also effective in

lowering blood lipids and hypertension, and widely used in folk

medicine for gastrointestinal disorders.19

2. Experimental
2.1. Reagents and materials

The plant Achillea wilhelmsii was collected from Zardkooh

mountain (Chaharmahal and Bakhtiari province, south west of

Iran) in May 2012 and was authenticated by the central

herbarium of department of biology faculty of science, univer-

sity of Tehran (Tehran, Iran) with the voucher specimen no.

43816-TUH. Then, the plant was dried under shade at room

temperature for 72 h and its owers were separated and ground

to homogenized ne powder using a stainless steel blender to

uniform consistency for one minute. 1,8-Cineole, n-pentane,

chloroform, tetrachloroethylene, chlorobenzene, sodium chlo-

ride, dimethyl sulfoxide (DMSO), and anhydrous sodium

sulphate with the purity higher than 99% were purchased from

Merck Chemicals (Darmstadt, Germany).

2.2. Gas chromatography-mass spectrometry

An Agilent Technologies GC-MS (Santa Clara, CA, USA) con-

sisted of a 6890 GC system coupled with a 5973 network mass

selective detector and equipped with a HP5-MS capillary fused

silica column (length, 30 m; internal diameter, 0.25 mm; lm

thicknesses, 0.25 mm; stationary phase, 5% phenyl 95% methyl

polysiloxane) was used for analysis of the essential oil. The

temperature program started at 40 �C for 1 min then increased

with the rate of 3 �C min�1 to 250 �C, held for 10 min. Other

operating conditions were as follows: carrier gas, helium

(99.999%); ow rate, 1 mL min�1; injector temperature, 250 �C;

split ratio, 1 : 30; and transfer line temperature, 250 �C. Mass

spectra were taken at 70 eV ionization energy and full scan

mode. The scanned mass range was set at 50–550 m/z.

2.3. Apparatus

A vortex mixer classic (Velp scientica, Milan, Italy) was used for

vigorous mixing of the solutions. Centrifugation was performed

by using a Hermle Z200A centrifuge (Wehingen, Germany). The

injections in the gas chromatograph were carried out using a 1

mL Hamilton 7001 microsyringe (Bonaduz, Switzerland).

2.4. Isolation of the essential oil by hydrodistillation

A portion (50 g) of the ground plant materials was immersed in

water, in a 2 L round bottom ask, and hydrodistilled in a full

glass Clevenger type apparatus as recommended by British

pharmacopeia.20 The hydrodistillation was completed within

3.5 h with the extraction yield of 1.02% (w/w). Then, the system

was cooled down and the condensed essential oil was decanted.

To improve the recovery, the oil was taken up in n-pentane,

dried over anhydrous sodium sulphate and stored in a small

dark glass bottle at 4 �C.

2.5. The procedure

A portion (0.3 g) of the ground Achillea wilhelmsiiwas placed in a

10 mL glass test tube and 3 mL of extraction solvent was added

to it, and then subjected to vortex-induced vibration at 2000

rpm for 2 min. In the next step, the solution was centrifuged at

4000 rpm for 5 min to separate the solid particles of the plant

therefrom. Aer that, 25 mL of the preconcentration solvent was

injected into the supernatant using a 100 mL Hamilton micro-

syringe and was vortexed for 1 min. Then, 2 mL of an aqueous

solution of NaCl (7.5% w/v) was placed in a conical glass test

tube and 500 mL of the above solution was injected into a conical

glass test tube that contained 2 mL of aqueous solution of NaCl

(7.5% w/v). Accordingly, a cloudy solution containing tiny

droplets of chloroform dispersed into the aqueous phase was

formed. In this step, the analytes were extracted from the

aqueous sample into the chloroform droplets. Then, the organic

extraction phase was separated by centrifugation at 4000 rpm

for 5 min. Finally, 0.5 mL of the separated organic phase was

injected into a gas chromatograph using a 1 mL Hamilton

microsyringe.
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2.6. Data analysis

An enhanced ChemStation G1701DA soware package version

D.00.01.27, Agilent Technologies, was used for data collection

and analysis by GC-MS. The essential oil components of Achillea

wilhelmsii were identied by comparison of their retention

indices (RIs) determined with reference to a homologous series

of C9–C24 n-alkanes. The identication of compounds was

conrmed at rst by chromatographic injection of available

analytical standard compounds and comparison of their

retention times with those obtained for essential oils. In the

case where standard compounds were not available, the iden-

tication was carried out by comparison with traditional

retention indices. The identication was conrmed by

comparison of their mass spectra with those stored in the

Wiley7n.l MS computer library. The linear temperature pro-

grammed retention indices (RIs) of all the constituents were

calculated from the gas chromatogram by interpolation

between bracketing n-alkanes (eqn (1)).

RI ¼ 100

�

tRðiÞ � tRðzÞ

tRðzþ1Þ � tRðzÞ
þ z

�

(1)

where z is the number of carbon atoms in the smaller n-alkane,

tR(i), tR(z) and tR(z+1) are the retention times of the desired

compound, the smaller n-alkane and the larger n-alkane,

respectively. In addition, the search match factor (SMF), rank

number (RN) in the mass library, and ve highest peaks in the

mass spectra were prepared and used for identication of the

components.

3. Results and discussion
3.1. Selection of the extraction solvent

The choice of an appropriate extraction solvent is an important

step in the extraction procedure. In the present work, the

extraction solvent plays two main roles: as the extractor in the

VAE step and the disperser in the preconcentration step

(DLLME). Therefore, the characteristics such as high solubility

toward the analytes and miscibility with water and organic

preconcentration solvent were considered in the selection of the

extraction solvent. Therefore, for this purpose, the solvents such

as methanol, ethanol and acetone were examined with 3 mL of

each solvent in accordance with the procedure in Section 2.6. In

order to select themost suitable solvent, the results were plotted

as total chromatographic peak area versus type of extraction

solvent and displayed in Fig. 1a. It was found that among the

tested solvents the maximum extraction efficiency was obtained

using methanol as the extraction solvent. Therefore, it was

chosen as the extraction solvent in the following experiments.

3.2. Selection of the preconcentration solvent

In order to enhance the sensitivity of the procedure the extrac-

tion process was followed by a preconcentration method of

DLLME. In the selection of a preconcentration solvent in

DLLME, the main properties such as higher density than water,

compatible with gas chromatography, high extraction capacity

of the analytes, and immiscibility with water were considered.

Thus, for this purpose, chlorobenzene (density: 1.11 g mL�1),

chloroform (density: 1.48 g mL�1) and tetrachloroethylene

(density: 1.62 g mL�1) were examined according to the proce-

dure mentioned in Section 2.6. The results represented in

Fig. 1b demonstrate that among these solvents, chloroform with

higher extraction capability was the most effective at enrich-

ment of the analytes; therefore, it was considered as the pre-

concentration solvent in the following studies. The highest

extraction efficiency obtained by using chloroform can be

attributed to its lower viscosity and surface tension,21 which are

very important physical characteristics of a preconcentration

solvent.

3.3. Inuence of preconcentration solvent volume

The volume of preconcentration solvent is an essential param-

eter that greatly affects the formation of the cloudy state and the

extraction performance.22 To study the effect of preconcentra-

tion solvent on the extraction efficiency, different volumes of

chloroform (25, 30, 35, 40 and 45 mL) were examined by the

procedure in Section 2.6. With the volumes lower than 25 mL,

insufficient sedimented extract at the bottom of the conical test

tube was formed. This is probably attributed to the partial

Fig. 1 (a) Influence of the extraction solvent and (b) preconcentration solvent type on the efficiency of VAE-DLLME. Conditions: plant materials,

0.3 g; extraction solvent, 3 mL; preconcentration solvent, 25 mL; salt concentration (NaCl/H2O), 5.0% (w/v); and vortex time, 2 min. Error bars

indicate the standard deviation of three replicate extractions.
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solubility of chloroform in water. Fig. 2a shows that the total

chromatographic peak area decreased when the volume of

chloroform was raised from 25 to 30 mL. In this region, the

dilution effect became predominant over extraction capacity

and thus the extraction efficiency was low. However, as the

volume of chloroform was increased beyond 30 mL the total

chromatographic peak area remained almost constant. There-

fore, the highest total chromatographic peak area was obtained

when the volume of preconcentration solvent was 25 mL, thus it

was chosen as the optimum volume for further experiments.

3.4. Inuence of salt concentration

Salt addition to water samples may have several different effects

on extraction (salting-out, salting-in or no effect).10 In order to

study the effect of salt concentration on the performance of the

extraction process, different concentrations of NaCl (5.0, 7.5,

10.0, 12.5, and 15.0 w/v%) were examined and the results are

plotted in Fig. 2b. The total peak area increased with the

increase of salt concentration from 5 to 7.5%, and decreased at

higher salt concentrations (7.5–15%). The addition of salt in the

rst region (5–7.5%) decreased the solubility of analytes in the

aqueous solution and enhanced the extraction efficiency by the

salting-out effect. At the concentrations above 7.5%, the

increased viscosity of aqueous solution overcame the salting-

out effect, which led to difficult mass transfer and low extraction

efficiency.23 Considering these results, further experiments were

carried out with 7.5% (w/v) NaCl.

3.5. Inuence of extraction time

The effect of extraction time on the procedure efficiency was

investigated with the time varying from 0.5 to 4.0 min.

According to the results that are represented in Fig. 2c, by

increasing the vortex time, the response increased, reaching the

maximum value at 2 min. The fast extraction within this time

can be attributed to the large contact surface area between the

plant materials andmethanol, created by vortex agitation. Thus,

2 min was chosen as the optimum extraction time for the

subsequent experiments.

3.6. Evaluation of the method

Under the optimal conditions (extraction solvent (methanol), 3

mL; preconcentration solvent (chloroform), 25 mL; concentra-

tion of salt, 7.5% (w/v); and extraction time, 2 min), the essential

oil components of Achillea wilhelmsii and their analytical gures

of merits consisted of linear dynamic ranges (LDRs), limits of

detection (LODs), determination coefficients (R2) and relative

standard deviations (RSDs) were determined and represented in

Table 1. The calibrations curves were prepared with the same

procedure mentioned in Section 2.4 with six concentration

levels in the range of 0.01 to 100 mg L�1 and were characterized

with high determination coefficients (R2) ranging from 0.9990

to 0.9998. The limits of detection (LOD) based on 3Sd/m (Sd and

m are the standard deviation of the blank and the slope of

calibration graph, respectively) were within 3.0–30.0 mg L�1. The

relative standard deviations (RSDs) were between 2.3 and 4.7%.

Fig. 2 (a) Influence of volume of preconcentration solvent; (b) salt concentration; and (c) extraction time on the efficiency of the method.

Conditions: plant materials, 0.3 g; extraction solvent (methanol), 3 mL; preconcentration solvent (chloroform), 25 mL; salt, NaCl/H2O. Error bars

indicate the standard deviation of three replicate extractions.
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Table 1 Analytical characteristics of the VAE-DLLME-GC-MS method for determination of Achillea wilhelmsii essential oil componentsa. The

rank number of all the proposed compounds found in the mass library was equal to one

No. tR
b Compound Formula %c %d %e RIf LODg LDRh R2i RSDj EFk SMFl m/zm

1 3.96 Hexanal C6H12O 0.03 — — 611 — — — — — 83 44, 56, 41, 57, 43

2 6.43 Isoamyl acetate C7H14O2 0.04 0.05 0.48 799 — — — — — 94 43, 70, 55, 41, 87

3 6.51 2-Methylbutyl acetate C7H14O2 0.02 — — 795 — — — — — 91 43, 70, 55, 41, 74
4 8.13 Santolina triene C10H16 1.74 1.68 1.69 815 4 0.01–100 0.9993 2.9 81 97 93, 121, 79, 67, 91

5 8.53 Tricyclene C10H16 0.12 0.11 — 825 — — — — — 96 93, 91, 121, 136, 79

6 8.78 a-Thujene C10H16 0.04 0.05 — 841 — — — — — 93 93, 77, 91, 92, 39

7 9.17 a-Pinene C10H16 1.55 1.54 1.51 847 30 0.10–100 0.9995 3.4 80 97 93, 91, 92, 77, 79
8 9.74 Comphene C10H16 2.09 2.12 2.11 861 30 0.10–100 0.9997 3 82 97 93, 121, 79, 91, 79

9 10.84 b-Pinene C10H16 0.86 0.85 0.88 891 3 0.01–100 0.9992 4.3 80 97 93, 41, 69, 79, 77

10 11.99 cis-Epoxyocimene C10H16O 3.04 3.13 3.10 908 3 0.01–100 0.9994 1.9 83 83 79, 81, 77, 71, 93
11 12.13 1,3,8-p-Menthatriene C10H14 0.11 0.13 — 910 — — — — — 95 91, 119, 134, 105, 77

12 12.75 a-Terpinene C10H16 0.24 0.23 — 923 — — — — — 97 121, 93, 136, 77, 91

13 13.57 1,8-Cineole C10H18O 7.16 7.09 7.00 950 3 0.01–100 0.9996 2.3 90 98 43, 81, 71, 108, 111

14 14.75 g-Terpinene C10H16 0.82 0.81 0.79 971 4 0.01–100 0.9993 4. 3 80 98 93, 91, 77, 136, 121
15 16.05 a-Terpinolene C10H16 0.11 0.12 — 1000 — — — — — 98 121, 93, 136, 79, 77

16 16.34 Cumyl alcohol C10H14O 0.14 0.14 — 1028 — — — — — 91 150, 135, 91, 107, 79

17 17.17 trans-Chrysanthenol C10H16O 1.6 1.62 1.63 1030 30 0.10–100 0.9994 3.4 81 62 81, 109, 107, 121, 39

18 18.62 Camphor C10H16O 9.24 9.21 9.14 1061 3 0.01–100 0.9998 2.6 85 97 95, 81, 41, 55, 69
19 18.67 cis-Sabinol C10H16O 0.42 0.42 0.40 1062 3 0.01–100 0.9993 4.5 80 90 92, 91, 55, 41108

20 19.13 Pinocarvone C10H14O 0.77 0.76 0.72 1076 30 0.10–100 0.9992 3.9 82 87 108, 81, 53, 150, 135

21 21.24 Borneol C10H18O 21.23 22.02 21.91 1104 30 0.10–100 0.9998 2.3 91 91 95, 41, 110, 55, 67

22 22.11 a-Terpineol C10H18O 0.5 0.48 0.44 1129 40 0.10–100 0.9993 4.5 84 93 59, 93, 121, 136, 81
23 22.33 Myrtenol C10H16O 0.17 0.17 — 1130 — — — — — 96 79, 91, 108, 119, 77

24 23.2 trans-Chrysanthenyl

acetate

C12H18O2 8.63 8.49 8.52 1139 3 0.01–100 0.9997 2.2 87 90 119, 43, 109, 134, 81

25 25.13 cis-Chrysanthenyl

acetate

C12H18O2 20.92 20.39 21.00 1206 3 0.01–100 0.9998 2.4 91 91 119, 43, 109, 134, 91

26 25.84 Bornyl acetate C12H20O2 6.96 7.11 6.99 1214 3 0.01–100 0.9998 2.9 88 98 95, 121, 136, 43, 93

27 28.5 Carveol acetate C12H18O2 0.07 — — 1276 — — — — — 91 84, 119, 43, 91, 109
28 29.08 Isobornyl acetate C12H20O2 0.1 0.11 — 1307 — — — — — 93 95, 43, 121, 136, 93

29 33.56 Germacrene D C15H24 0.25 0.23 — 1363 — — — — — 99 161, 91, 105, 119, 79

30 36.94 Nerolidol C15H26O 0.27 0.21 — 1432 — — — — — 91 41, 69, 43, 93, 55, 71

31 37.16 Spathulenol C15H24O 0.52 0.49 0.48 1442 40 0.10–100 0.999 4.5 81 95 43, 41, 91, 79, 69, 119
32 38.86 g-Gurjunene C15H24 0.15 0.17 — 1471 — — — — — 93 161, 204, 59, 81, 41

33 39.07 Eremophilene C15H24 0.13 0.15 — 1507 — — — — — 93 107, 93, 79, 91, 119

34 39.32 g-Eudesmol C15H26O 0.71 0.71 0.70 1509 30 0.10–100 0.9992 3.6 82 96 161, 189, 204, 133, 91
35 39.39 Cadinene C15H24 0.22 0.21 — 1511 — — — — — 99 189, 161, 204,91, 133

36 39.5 Farnesol C15H26O 0.56 0.55 0.52 1513 30 0.10–100 0.9991 4.3 80 89 69, 41, 93, 81, 107

37 39.72 14-Methyl-

oxacyclotetradecan-2-one

C14H26O2 0.1 0.12 — 1514 — — — — — 93 55, 41, 147, 162, 69

38 39.9 b-Eudesmol C15H26O 0.2 0.18 0.21 1535 — — — — — 98 59, 149, 43, 41, 93, 108

39 40.06 5-epi-Paradisiol C15H26O 0.34 0.33 0.30 1538 30 0.10–100 0.9992 3.9 82 90 43, 81, 135, 109, 204

40 43.27 Farnesyl acetate C17H28O2 0.88 0.87 0.84 1597 30 0.10–100 0.9991 3.2 81 90 69, 41, 81, 43, 93

41 44.86 Cryophylla-2(12),
6-dien-5-one

C15H22O 0.14 0.15 — 1601 — — — — — 64 41, 91, 105, 79, 93

42 46.48 Caryophyllene oxide C15H24O 0.12 0.10 — 1702 — — — — — 63 43, 41, 79, 55, 93, 69

43 46.67 15-Hexadecanolide C16H30O2 0.29 0.22 — 1712 — — — — — 91 55, 41, 69, 43, 83

44 51.78 n-Hexadecanoic acid C16H32O2 0.83 0.78 0.77 1803 30 0.10–100 0.9993 3.3 83 90 55, 41, 69, 43, 83, 97
45 53.7 1,9-Tetradecandiene C14H26 0.1 0.09 — 1901 — — — — — 99 55, 41, 67, 81, 82

46 54.61 1-Hexadecene C16H32 0.14 0.12 — 1892 — — — — — 96 41, 43, 55, 69, 83

47 56.36 cis-cis-9,12-
Octadecenoic acid

C18H34O2 0.43 0.44 0.41 1928 40 0.10–100 0.9993 4.7 80 97 67, 81, 55, 95, 68

48 61.21 n-Tricosane C23H48 0.06 0.05 — 2023 — — — — — 98 57, 43, 71, 85, 41

49 66.51 n-Pentacosane C25H52 0.12 0.11 — 2143 — — — — — 98 57, 71, 43, 85, 41

50 71.4 n-Heptacosane C27H56 0.07 0.07 — 2258 — — — — — 99 57, 43, 71, 85, 41
51 — Unknowns — 4.65 4.71 — — — — — —

a Extraction conditions: plant materials, 30mg; extraction solvent (methanol), 3 mL; vortex time, 2.0 min; preconcentration solvent (chloroform), 25
mL. b Retention time (min). c Relative area percent (peak area relative to the total peak area). d Relative area percent obtained by hydrodistillation-
GC-MS. e The amount calculated using calibration curves. f Retention indices using a HP-5MS column. g Limit of detection (mg L�1). h Linear
dynamic range (mg L�1). i Determination coefficient. j Relative standard deviation for n ¼ 3. k Enhancement factor. l Search match factor in the
library. m The ve highest peaks in the mass spectra.
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The enhancement factors (EFs) were calculated as the ratio of

the slopes of calibration curves with and without preconcen-

tration, and were found to be 80–91. The total ion chromato-

gram (TIC) of Achillea wilhelmsii essential oil obtained by the

VAE-DLLME-GC-MS method under the optimal conditions is

shown in Fig. 3.

3.7. Repeatability and reproducibility of the method

The reproducibility of the method was assessed by testing ve

portions (each portion, 0.3 g) of the plant Achillea wilhelmsii in

triplicate on ve different days with the procedure in Section

2.6. Therefore, een analyses (each portion in one day and in

three replicates) were performed. The repeatability of the

method was calculated by taking the square root of arithmetic

mean of the variances from ve triplicates equal to 2.9%. In the

next step, the standard deviation of the ve mean values for

each portion (one per day) multiplied by the square root of 5 was

taken as the reproducibility value. Therefore, the reproducibility

of the method was 3.3%.

3.8. Comparison with hydrodistillation

In order to evaluate the efficiency of the proposed method (VAE-

DLLME-GC-MS), the essential oil of the plant Achillea wilhelmsii

was also extracted by hydrodistillation (Section 2.4.) and

analyzed by GC-MS. The results obtained by hydrodistillation-

GC-MS and the proposed method are given in Table 1 for

comparison. The results show that the same compounds with a

little difference in composition percentage were obtained by

both methods. Therefore, the VAE-DLLME-GC-MS method was

successfully applied for determination of the essential oil

composition. Moreover, in comparison with hydrodistillation,

the presented method offers the advantages such as consuming

considerably low plant materials (0.3 g versus 50 g) and short

extraction time (2 min versus 3.5 h).

3.9. Comparison with other methods

According to the literature survey based on the methods for

determination of essential oils of different Achillea species, it

was found that in the related studies no analytical evaluation of

the applied methods was reported. However, some

characteristics of the methods that have been used for the

determination of Achillea essential oils, such as the amount of

plant material, extraction time, and salt addition are summa-

rized in Table 2 for comparative purposes. The extraction time

of the presented method is considerably shorter than that of the

other methods. In addition, the amount of plant that was

consumed in this method is lower than that of the other

methods.

4. Conclusion

A simple, fast, efficient and sensitive extraction/preconcentra-

tion method (VAE-DLLME) followed by GC-MS was used for

determination of essential oil of the plant Achillea wilhelmsii. A

vortex mixer was used to speed up the extraction of essential oil.

The vortex-induced mechanical agitation of the sample solution

intensied the mass transfer via breaking up the cells con-

taining the essential oil at room temperature. To the best of our

knowledge, this is the rst study that used vortex mixing for the

extraction of essential oil from plant materials. Moreover, the

extraction method is eco-friendly with the consumption of low

amounts of plant materials and organic solvents. In addition,

the antimicrobial activity test of the plant Achillea wilhelmsii

essential oil against 10 microorganisms demonstrated inhibi-

tory activity for Escherichia coli, Bacillus cereus, and Staphylo-

coccus aureus with the highest activity for Escherichia coli. These

tests conrm the potential medicinal uses of the plant.
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