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a b s t r a c t

The recent trend of green consumerism in the modern society has triggered the use of plant-derived
chemicals in the food, cosmetics, and fragrance industries. Ionic liquids emerged as an effective solvent
for extraction of bioactive compounds from numerous plant resources. The objective of this research was
to study the ionic liquid-assisted extraction of essential oil from polygonum minus and to compare the
impact of various processing methods such as; microwave, ultrasonic, reflux and mechanical stirring
on the yield of essential oil. Ionic liquids with various anions (NTf2, Cl, and Ac) and cations (AMIM,
BMIM, and HMIM) were investigated. The performance of these ionic liquids was also compared with
the organic solvent such as toluene, pentane, and hexane. The results indicated the cationic and anionic
components exhibit remarkable impact on the extraction efficiency of the respective ionic liquids. In
addition different processing parameter including extraction time, concentration and solid-liquid ratio
were also optimized for all processing techniques employed. The use of Clevenger apparatus in combina-
tion with the ionic liquids based various processing techniques was also explored. The combination of
Clevenger apparatus with ionic liquid based microwave-assisted extraction (ILMAE) technique showed
the highest extraction efficiency of essential oil under the optimized condition of 21 min and 60 �C using
[AMIM] Ac. We believe the present work would open for a new pathway for ILs based green extraction of
a natural product from renewable resources.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The essential oil (EO) is a volatile component of all the aromatic
plants and shown the important application in different areas such
as food and cool drink industries for flavor. It is also used in per-
fume, soaps, cosmetics, textile and paint industry. It has numerous
biological activities such as antibacterial, antifungal, anticancer
and antioxidant. Among the polygonum minus which have been
investigated for the treatment of digestion, food stuff, traditionally
used for body aches, digestive disorders, dandruff and perfume.
The other species such as Polygonum hydropiper is one of the most
numerous genuses in the family Polygonaceaewhich is abundant in
Asia. This plant were used for the treatment of inflammation,
rheumatoid arthritis, headache, colic pain, fever, chill, joint pain,
edema and infectious diseases (Muhammad et al., 2013; Thakker
et al., 2016; Chang et al., 2016; Ayaz et al., 2015; Ahmad et al.,
2016). Numerous components naturally present in the EO which
is characterized as terpenoids, alkane, alcohol, aldehyde, ketone,
ester and acid with stable components (waxes and paraffin)
(Verzera et al., 2004). In industries, the EO were extracted from
the plant fruit and used as a co-product in the formation of juices
(Matsuda et al., 2014). There are various techniques used for
extraction of EO at the industrial scale such as distillation, reflux,
and soxhlet. However, the high energy used in these methods
degrade the oxygenated compounds (Stuart et al., 2001). Mem-
brane and supercritical fluid extraction methods were also
employed. A high quality of EO is obtained from membrane sepa-
ration but these techniques tend to clog and have high mainte-
nance costs (Arce et al., 2006; Brose et al., 1995; Zanousi et al.,
2016). Recently, ionic liquids emerged as a potential solvent and
show a specific advantage in the field of separation due to non-
volatile, non-flammable, low vapor presser, and have high thermal
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stability. ILs used for extraction of EO instead of conventional sol-
vents due to its toxic, and volatile nature (Benvenuti et al., 2001;
Arce et al., 2007). Currently, ultrasonic and microwave- assisted
extraction (UAE and MAE) methods have been recognized as the
best technique for the extraction (Eskilsson and Björklund, 2000;
Sun et al., 2013). These techniques reduced the extraction duration,
the amount of solvent and enhance the yield of the chemical con-
stituents. (Proestos and Komaitis, 2008; Careri et al., 2007). Liu
et al. (2016) extracted the EO from Eucalyptus globulus leaves
using Brönsted acidic ionic liquid combined with microwave and
obtained a yield of EO about 8.76%. Jiao et al. (2013a) extracted
EO using ionic liquids via microwave-assisted hydrodistillation
(MILP–MHD) technique from Dryopteris fragrans. MILP–MHD gave
a yield (0.91%) of EO with a shorter extraction time of 14.2 min.
However, less attention is paid to extract the EO from P.minus
using various techniques and ionic liquids.

The objectives of this study are to compare ionic liquids extrac-
tion efficiency with organic solvent using different extraction
methods. ILs was employed for extraction of EO from P.minus on
the basis of different cations and anions. The performance of differ-
ent ionic liquids contains various cations and anions were investi-
gated. Various experimental parameters such as time, solid/liquid
ratio and concentration were optimized to get maximum yield of
EO from P.minus.
2. Experimental

2.1. Material and chemical

The P.minus were purchased from the local market of Malaysia
and identified by Professor Dr. Abdul Latiff Mohamad (plant tax-
onomist) Department of Biological Science University of Sains
Malaysia. A voucher specimen (# 211) has been deposit at the
herbarium of the Department biological Science University of
sains. The material was washed with distilled water three times
to remove dust and impurities, and was dry for twelve days at
45 �C in the oven. After that, it was grounded in powder form at
60–80 mesh size. Ionic liquids, 1-butyl-3-methylidazolum bis
(trifluoromethyl sulfonyl) [BMIM]NTf2 (490092), 1-butyl-3-
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methylimidazolium chloride [BMIM] Cl(490079), 1-hexyl-3-
methylimidazolium acetate [HMIM][Ac](491031), hexane and
toluene were purchased from Merck Malaysia. 1-allyl-3-
methylimidazolium acetate [AMIM] Ac (51053), 1-butyl-3-
methylimidazolium acetate [BMIM] Ac (39952), and pentane
(158941) were purchased from sigma Aldrich Malaysia.
2.2. Extraction procedures

For extraction of EO, four different techniques were employed.
GC–MS were used for analysis.
2.2.1. Microwave assisted extraction
The extraction of EO was performed by Anton Paar (synthos

3000) microwave apparatus and multimode microwave (Em-
s2088w). In a typical experiment, plant material was mixed with
organic solvents (toluene, pentane and hexane) in the microwave
vessel. Temperature, time and power were control by the external
sensor. The mixture was heated at 60 �C for 60 min with continued
stirring with and without Clevenger apparatus (the various cations
and anions are shown in Fig. 1).

In ILs based microwave assisted method plant material was
mixed with aqueous ionic liquids with different concentrations,
solid-liquid ratio and heated at 60 �C, 5 min with and without Cle-
venger apparatus. The reaction time increases 6, 7 and 8 min. The
resulting residues were filtered with nylon membrane filter paper
(0.02 mm). The EO was stored at 4 �C for further analysis. The
extraction procedure is shown in Fig. 2
2.2.2. Ultrasonic assisted-extraction
Ultrasonic-assisted extraction of EO was performed using Sonic

Vibra cell (T910 DH). Plant material was mixed with solvents
(toluene, hexane and pentane) in the flask. The extraction was also
performed with and without Clevenger apparatus.

In case of ILs, the plant material was mixed with aqueous ILs
with a different concentration in the flasks. The extraction was
conducting by using the same set of conditions with and without
Clevenger apparatus as shown in Fig. 3.
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Fig. 2. The flow chart for microwave-assisted extraction based on ionic liquids, organic solvent with and without Clevenger apparatus.
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Fig. 3. The flow chart for ultrasonic-assisted extraction based on ionic liquids, organic solvent with and without Clevenger apparatus.
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2.2.3. Extraction of essential oil via mechanical stirring
In this experiment, (Model: Ika RW20 digital) apparatus were

used for extraction. Plant material is mixed with 40 mL of sol-
vents (like toluene, hexane and pentane) and stirs for one hour
at room temperature. The resulting residue is filtered. In the case
of ionic liquids, the different temperature was used as shown in
Fig. 4.
2.2.4. Extraction of essential oil via reflux method
The Reflux apparatus fitted with a round bottom flask and the

suction pump was utilized in this scheme. Plant material was
mixed with 40 mL of solvent (ionic liquids, toluene, hexane and
pentane) in the reaction flask and heated at 60 �C for one hour.
The temperature was constant at 60 �C for different time periods
of 70, 80 and 90 min with and without Clevenger apparatus are
shown in Fig. 5.
P.minus

Mecanical 
stirring

Ionic liqids

Time 60, 
80,100,  min,

Temperature 
25oC

Essential oil

Organic 
solvents

Time 60, 
80,100,  min,

Temperature 
25oC

Essential oil

Fig. 4. The flow chart for mechanical stirring extraction based on ionic liquids,
organic solvent with and without Clevenger apparatus.
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Fig. 5. The flow chart for Reflux extraction based on ionic liqui
2.3. Characterization

2.3.1. GCMS analysis
Gas chromatography-mass spectrometry (GCMS) spectra were

recorded using GC–MS spectrometer (Agilent Technologies) with
HP-5MS non-polar column (30 m length � 0.25 mm diame-
ter � 0.25 lM thickness). Injection temperature: 220 �C; detection
temperature: 280 �C; Column temperature, 50 �C, 3 min; 20 �C/
min �100 �C, 3 min; 30 �C/min–250 �C, 3 min. Flow rate: 1.3 ml/
min. Injection volume: 1 ll. Injection method split ratio 1:100.
70 eV, electron ionizationmass spectrawere acquired over themass
range 35–400 amu. Type of detector: quadruple. Mass spectrome-
try: scan mode. TIC, Total ion chromatogram. Retention indices of
chemical constituents of EO were determined using the standard
method of Kováts Indices to support the identification of the chem-
ical constituents.

Iri ¼ 100nþ ðm� nÞ tri� trn
trm� trn

ð1Þ
2.4. Compounds identification

The various compounds in the EO were identified on computer
matching with libraries (NIST98, Mass finder library) built up from
pure substances (Du et al., 2010; McLafferty, 1989) combined with
the evaluation of GC–MS retention index on the nonpolar column.
Retention index was calculated with the help of alkane series on
the non-polar column (HP-5) with Kováts retention index formula.

3. Results and discussion

3.1. Effect of various processing parameters on the extraction of
essential oil from P.minus

3.1.1. Anions and cations
In order to study the effect of various anions and cations with

Clevenger apparatus are shown in the Fig. 6A. Among various
anions, Ac and cation [AMIM] gave best results (9.61%) with
Organic solvent

ith Clevenger

Temperature 60 
C

Time 60 to 90 min

Essential oil

Without Clevenger

Temperature 60 
C

Time 60 to 90 min

Essential oil

ds, organic solvent with and without Clevenger apparatus.



Fig. 6. Effect of ILs with Clevenger apparatus (A), concentration (B), the solid-liquid ratio (C), time (D) and comparison study of ILs and an organic solvent (E). Effect of ILs
without Clevenger apparatus (a), concentration (b), the solid-liquid ratio (c), time (d).
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corresponding extraction efficiency due to low viscosity and high
hydrogen bond basicity. By increasing the alkyl chain length from
[BMIM] to [HMIM], the viscosity and hydrophobicity increase (Bi
et al., 2011; Bica et al., 2011), which could result in decreased
interaction between EO and ionic liquids (Pinkert et al., 2009).
When the alkyl chain length increases the viscosity of ILs increased
and requires a higher temperature for extraction. The extraction
efficiency of [BMIM] Ac is higher (9.58%) than [HMIM] Ac (9.56%)
of low viscosity (Zhao et al., 2016; Fukaya et al., 2008). Among
the various anions [Ac] have higher extraction efficiency as com-
pared to Cl and NTf2. It is because Ac anion with [BMIM] cation
has a low viscosity as compared to Cl and NTf2 anions. Without Cle-
venger apparatus, the extraction efficiency decreased because the
volatile compounds released due to an open system. The cation
[AMIM] and the anion Ac without Clevenger gave the highest
extraction (6.58%) efficiency compared to [BMIM] (5.45%) and
[HMIM] (4.90%) as shown in the Fig. 5a. Among the various anions
Ac have higher (6.58%) extraction efficiency compared to Cl (5.25%)
and [NTf2] (6.40%) with cation [BMIM] 6a.
3.1.2. Concentration
In the Fig. 6B showed the various concentrations of aqueous ILs

(0.10–0.60 mol/L) were used for the extraction of the EO. The high
yield of EO (9.61%) was obtained when the concentration was
0.50 mol/L with Clevenger apparatus. Further increasing the con-
centration did not show any improvement in the extraction effi-
ciency (Huddleston et al., 2001; Fan et al., 2012). Various
concentrations of aqueous ILs (0.10 to 0.60 mol/L) were also used
without Clevenger apparatus. The highest yield of EO (6.58%) was
obtained when the concentrations were 0.50 mol/L without Cle-
venger apparatus shown Fig. 6b.



Table 1
The chemical composition of essential oil GC–MS analysis with Clevenger apparatus.

No Compounds Retention Indices a Relative amount b

ILMAE % content Rt

1 1-Hexanol 867 1.61 32.82
2 a-Pinene 931 1.16 34.48
3 Undecane 1100 2.46 34.81
4 Nonanal 1105 1.87 35.84
5 1-Nonanol 1173 1.02 35.89
6 Decanal 1209 2.01 35.97
7 1-Decanol 1274 16.29 36.31
8 Isobornyl acetate 1285 15.13 37.57
9 Undecanal 1308 1.01 38.11
10 a-Cubebene 1349 3.72 38.61
11 Xanthorrhizol 1368 2.53 38.67
12 (-)-a-Panasinsene 1381 1.74 38.74
13 Dodecanal 1388 1.36 38.85
14 (E)-Caryophyllene 1412 43.29 39.65
15 Trans-a-Bergamotene 1415 1.13 39.87
16 Farnesene 1452 0.06 40.18
17 a-Caryophyllene 1455 0.57 40.28
18 Alloaromadendrene 1458 0.71 40.30
19 b-Himachalene 1474 0.58 40.58
20 a-Selinene 1483 0.51 41.12
21 Valencene 1489 0.63 41.17
22 Phylloquinone 1490 3.78 41.34
23 Tetradecanal 1495 1.50 41.51
24 a-Curcumene 1510 2.56 41.94
25 d-Cadinine 1522 1.08 42.73
26 Nerolidol 1531 5.40 43.15
27 a- Bisabolol 1683 0.70 43.18
28 Farnesol 1544 0.90 43.30
29 Decanoic acid 1562 0.70 44.14
30 b-Caryophyllene oxide 1565 1.02 44.76
31 cis-Lanceol 1765 2.02 41.49

a Retention indices relative to C8 to C24 n-alkanes on the non-polar HP-5 cap-
illary column.

b Relative amount (peak area of the individual constituent relative to the total
peak areas, %).

Fig. 6 (continued)
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3.1.3. Effect of IL dose
To study the effect of IL dose on EO extraction efficiency various

dose of IL ranging from 5 to 20 mL were used in keeping other con-
dition same with and without Clevenger apparatus are shown in
the Fig. 6C. The result demonstrates that the yield of EO gradually
increases from 5 to 15 mL.

The (9.61% yield) of EO was obtained when the IL dose was
15 mL. However, from 15 to 20 mL no further increased in the EO
yield was observed. This indicates that 15 mL is the optimum
amount for extraction of EO (Jin et al., 2011). So we choose
15 mL doses for extraction of EO from plant biomass. The increase
in the EO yield with the increase of IL amount is assigned to
decrease in viscosity of IL and increase the active site. Higher yield
of EO from plant biomass is due to efficient dispersion and diffu-
sion of IL inside the pores of plant sample (Jiao et al., 2013b). The
high extraction yield was obtained without Clevenger apparatus
obtained (5.62%) as shown in the Fig. 6c. The yield decrease with-
out Clevenger apparatus because of open system and volatile com-
ponents do not accumulate.

3.1.4. Extraction time
The reaction time plays a vital role in the extraction of EO from

plant biomass. Fig. 6D shows the effect of reaction time on the
yield of EO from the plant while keeping the other conditions
same. The extraction was carried out at various times from
15 min to 25 min. EO extraction increases when the time increased
from 15 min to 21 min with Clevenger apparatus. After 21 min
there was no further increase in the EO extraction was observed
(Fig. 6D). Overall the optimum extraction of EO was obtained in
ILMAE with Clevenger apparatus (9.61%) (Wei et al., 2013).

Without Clevenger apparatus, the extraction was carried out at
various times from 15 to 25 min. The extraction efficiency
decreased without Clevenger apparatus. The high extraction effi-
ciency was obtained (5.50%) at 25 min as shown in the Fig. 6d.



Fig. 7. GC–MS spectra of essential oil with Clevenger apparatuses are, ILMAE (7a), ILUAE (7b), reflux (7c), mechanical stirring (7d).

Table 2
Chemical composition of essential oil by GC–MS analysis without Clevenger apparatus.

No Compounds aRetention Indices bRA
ILMAE% content Rt

1 Nerolidol 1531 1.02 32.80
2 Decanoic acid 1562 2.02 35.68
3 Dodecanoic acid 1565 1.27 35.70
4 trans-a-(Z)-Bergamotol 1606 2.00 38.27
5 Tetradecanal 1614 2.35 38.59
6 Alloaromadendrene oxide-(1) 1458 1.09 38.79
7 trans- Longipinocarveol 1634 0.80 39.29
8 Neoisolongifolene, 8-bromo- 1639 1.57 39.77
9 iso-Caryophyllene 1737 3.02 40.24
10 Drimenol 1770 0.69 40.69
11 Drimenin 1941 1.14 42.17

a Retention indices relative to C8 to C24 n-alkanes on the non-polar HP-5 capillary column.
b Relative amount (peak area of the individual component relative to the total peak areas, %).
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Fig. 8. GC–MS spectra of essential oil without Clevenger apparatus, ILMAE (8a), ILUAE (8b), reflux (8c).

Table 3
Chemical composition of essential oil by GC–MS analysis without Clevenger apparatus by ILUAE Method.

No Compounds Retention Indices a Relative amount b

ILUAE% content Rt

1 undecane 1100 2.46 34.12
2 Nonanal 1105 1.87 35.37
3 1-Decanol 1274 16.29 36.31
4 Isobornyl acetate 1285 15.13 37.26
5 Undecanal 1308 1.01 38.09
6 Dodecanal 1388 1.36 38.85
7 (E)-Caryophyllene 1412 43.29 39.65
8 b-Himachalene 1474 0.58 40.80
9 Tetradecanal 1495 1.50 41.45

a Retention indices relative to C8 to C24 n-alkanes on the non-polar HP-5 capillary column.
b Relative amount (peak area of the individual constituent relative to the total peak areas, %).

Table 4
Chemical composition of essential oil by GC–MS analysis without Clevenger apparatus by heat reflux method.

No Compounds Retention Indices a Relative amount b

Heat reflux% content Rt

1 a-Caryophyllene 1455 0.57 40.48
2 Alloaromadendrene 1458 0.71 40.87
3 a-Selinene 1483 0.51 41.08
4 Tetradecanal 1495 1.50 41.44
5 a-Curcumene 1510 2.56 41.73

a Retention indices relative to C8 to C24 n-alkanes on the non-polar HP-5 capillary column.
b Relative amount (peak area of the individual constituent relative to the total peak areas, %).
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3.2. Comparison study for different extraction methods using ILs and
organic solvent

Generally, the conventional methods for extraction of bioactive
compounds are maceration and Soxhlet extraction (Ho et al., 2007;
Bowen-Forbes et al., 2009). However, long reaction time and a
large amount of solvent are required for these processes. These
drawbacks can be avoided by using alternative extraction methods
and solvents, such as ultrasound (UAE), microwave-assisted
extraction (MAE). In these two apparatus, MAE is best and has high
extraction proficiency of EO. The yield of the compounds achieved
by these methods has been compared with conventional
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techniques such as mechanical stirring and heat reflux method. As
indicated in Fig. 6E the best extraction yield (9.61%) was achieved
with ILMAE with Clevenger apparatus. Similarly, an extraction
yield (about 9.58%) was also achieved in the case of ILUAE with Cle-
venger apparatus. The extraction of EO from P.minus is influenced
by the solubility of compounds in the particular solvent used for
the extraction process. The effect of different solvent on essential
oil extraction has been evaluated and the results are shown in
Fig. 6E. The best result (9.61%) was obtained with a solid/liquid
ratio of 1:15.
3.3. Chemical composition of essential oil

The EO was analyzed by GC–MS and the list of 31 compounds
identified from retention index using Kovats retention index for-
mula from ILMAE shown in Table 1 and.

The compounds dodecanal (43.29%) was found the major com-
ponent of the essential oil followed by 1-decanol (15.13%), Isobor-
nyl acetate (15.13%), n-decanoic acid (5.72%). Additionally, Alkane,
terpenoids, and alcohol were found. The number of components
extracted by ILMAE, ILUAE, reflux and mechanical stirring methods
was 31, 16, 13 and 11 components respectively as shown in the
Fig. 7a–d. The yield of each principal component depends on the
specific extraction techniques used. The greater proportion of ter-
penoids, alkane, and alcohol were present in the EO obtained from
ILMAE may be due to the reduction of hydrolytic and thermal
effects (Fischer et al., 1988). Additionally, sesquiterpenes which
have a higher dipolar moment could be interconnected more
strongly with the microwave radiation, hence they can be
extracted completely andmore easily than other terpene hydrocar-
bons which have lesser dipolar moments (Bousbia et al., 2009).
Therefore, this novel technique could offer a potential of producing
high-quality EO that might be more important and can be used in
various fields.

For extraction without Clevenger apparatus, the compounds
iso-Caryophyllene (3.02%) was found the major constituent of the
essential oil followed by Tetradecanal (2.35%), Decanoic acid
(2.02%). Additionally, sesquiterpenes hydrocarbons and alcohol
were determined to be the two major groups presented in the
essential oil. Dodecanoic acid, drimenin and tetradecanal were
the principal components of the other extracted methods. As
shown in Table 2, essential oils obtained by ILMAE, ILUAE and heat
reflux method were similar in their composition. In ILMAE meth-
ods, extracted 11 compounds but in ILUAE 9 compounds and heat
reflux method extracted 5 compounds as shown in Tables 2–4 in
Fig. 8a,b,c.
4. Conclusion

In the present study, ILMAE was designed and applied for the
isolation of essential oil from P.minus. The optimum conditions
for microwave-assisted ionic liquid extraction were studied. Under
the optimized conditions, satisfactory extraction efficiency of the
essential oil was obtained. Relative to other methods (ultrasonic
assisted extraction, heat reflux); the proposed approach provides
higher extraction efficiency. The extraction of essential oil can
therefore be readily and efficiently achieved by ILMAE. Moreover,
with unique characteristics of ILs, the proposed ILMAE approach
in this study has environmental protection, convenient, efficient
characteristics and high practical valve technique in sample prepa-
ration and analysis. Based on higher extraction yield of essential
oil, much shorter time rather higher contents of biomolecules, it
is strongly believed that this extraction approach has a great
potential for isolation of essential oil from aromatic plants.
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