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Rotenone is one of the prominent insecticidal isoflavonoid compounds which can be isolated from the extract of Derris sp. plant.
Despite being an effective compound in exterminating pests in a minute concentration, procuring a significant amount of rotenone
in the extracts for commercialized biopesticides purposes is a challenge to be attained. Therefore, the objective of this study was to
determine the best ionic liquid (IL) which gives the highest yield of rotenone. The normal soaking extraction (NSE) method was
carried out for 24 hrs using five different types of binary solvent systems comprising a combination of acetone and five respective
ionic liquids (ILs) of (1) [BMIM] CI; (2) [BMIM] OAc; (3) [BMIM] NTf2; (4) [BMIM] OTf; and (5) [BMPy] Cl. Next, the yield of
rotenone, % (w/w), and its concentration (mg/mL) in dried roots were quantitatively determined by means of RP-HPLC and TLC.
The results showed that a binary solvent system of [BMIM] OTf + acetone was the best solvent system combination as compared
to other solvent systems (P < 0.05). It contributed to the highest rotenone content of 2.69 + 0.21% (w/w) (4.04 + 0.34 mg/mL) at
14 hrs of exhaustive extraction time. In conclusion, a combination of the ILs with a selective organic solvent has been proven to

increase a significant amount of bioactive constituents in the phytochemical extraction process.

1. Introduction

Rotenone is one of naturally isolating pesticides extracted
mainly from the roots of Derris sp. in Asia, Lonchocarpus
in South America, and several other legumes in the tropics
region [1]. Derris elliptica is widely available as a local plant
and it contains approximately 4% to 5% (w/w) of rotenone
in dried roots [2]. However, the rotenone content of Derris
elliptica roots (1.2% (w/w)) collected from the state of Johor,
Malaysia, has been found to be too low as compared to the
one gathered from the other tropical countries (e.g., Ama-
zonian Brazil and South Africa) [3]. Even though rotenone
(Figure 1(a)) and other toxic constituents existing in the
rotenoids resin exhibited a strong “knock-off” effect on the
aquatic life and certain insects pest [4, 5], the problems are

still present in getting a large amount of rotenone for the
commercialized purposes. For that reason, additional study
on the extraction process is needed to increase the content
up to the profitable level of developing variety of biopesticides
products.

In botanical research area, the extraction process is
considered as a backbone of a research loop prior to bioactive
constituent’s purification and characterization [6]. It involves
several important processing parameters (independent vari-
ables) which influences the efficacy of the extracts (e.g.,
toxicity). In fact, a conventional extraction process uses a
variety of organic solvents which include from a highly polar
to nonpolar solvents. However, organic solvents are mostly
volatile, toxic, and flammable leading to several human risk,
safety issues, and environmental problems [7]. Taking all
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FIGURE 1: Molecular structure of (a) rotenone and (b) one of the selected ionic liquids: 1-butyl-3-methylimidazolium trifluoromethanesul-

fonate, [BMIM] OTf.

these into consideration, there have been several studies
on the exploration of ionic liquids (ILs) compatibility as
green solvents for phytochemicals extraction. Ionic liquids
(ILs) are an organic salt in the liquid state under ambient
temperature comprised of normally charge-stabilized organic
cation paired with either organic or inorganic anions. It
displays a wide range of unique properties such as high
thermal stability, nonflammability, insignificant vapor pres-
sure, and low chemical reactivity. In addition, ILs have
fine tunable density, viscosity, polarity, and miscibility with
other common solvents [8]. Commonly studied cations
of ILs include l-alkyl-3-methylimidazolium ([Cnmim]"),
N-alkylpyridinium ([Cnpy]"), tetraalkylphosphonium, and
tetraalkylammonium. These cations can be paired with either
organic or inorganic anions such as halide, acetate, hexaflu-
orophosphate, tetrafluoroborate, trifluoromethanesulfonate,
nitrate, or others. Innumerable molecular combinations are
theoretically possible (>10'®) [9] with various combinations
of cations and anions affording distinct physiochemical
properties such as melting point, polarity, viscosity, stability,
salvation properties, and phase behavior. For that reason, the
usage of ILs to aid the phytochemicals extraction process
is considered as a great choice of increasing a significant
amount of bioactive constituents. Besides, ILs can be used as
green solvents to reduce the usage of toxic and volatile organic
solvents, thus reducing environmental pollution [10]. One of
the prominent ILs used in this study is shown in Figure 1(b).

However, ILs have relatively high polarity due to their
charged and asymmetric structures [11], by which they do
not have good affinity with weak-polar compounds and cause
reduction in the distribution of weak-polar compounds in
ILs phase. Although longer alkyl chain of ILs has lower
polarity, its viscosity is large in accordance with the strong
electrostatic and hydrogen bonding interaction between ions
[12,13]. This drawback has impaired the mixing and transfer
properties of extraction process by influencing the disso-
lution of compounds in ILs. In exchange, mixture of ILs
and polar molecular solvents as extraction medium could
be an effective approach to solve its flaws. Besides creating
wide adjusted range of solvent polarity, hydrophobicity,
hydrogen-bond acidity, and basicity [14, 15], the addition
of miscible molecular solvents as cosolvent helps to break
the microscopic hydrogen-bond network and the aggregation

of ILs, which significantly reduce the viscosity and improve
the mixing and transfer process in its mediated extraction
(16,17].

Rotenone extract has a great potential to be used as
insecticidal products. However, the rotenone content is still
low as compared to the commercial grade rotenoids resin
[18]. Therefore, the objective of this research was to study
the effects of five different ionic liquids on the yield of
rotenone. The combination of ionic liquids with organic
solvent as a binary solvent system would perhaps be one of the
potential novel approaches to increase the yield of bioactive
constituents of any botanical plants.

2. Experimental Section

2.1. Sample Collection and Preparation. Derris elliptica roots
were first collected from Ladang 2, Faculty of Agriculture,
Universiti Putra Malaysia (UPM), Malaysia. The collected
roots (Figure 2(a)) were cleaned and cut into smaller parts
prior to rapid drying. Cleaned parts of the roots were placed
in the freezer to maintain its freshness and later dried using
vacuum oven at the temperature of 28 + 2°C for 24 hrs. Once
dried, the roots were ground into smaller particles size of
approximately 0.86 + 0.20 mm (Figure 2(b)). The selected
sieved ground samples were weighed prior to the normal
soaking extraction process (NSE).

2.2. Preparation of Binary Solvent System. The binary sol-
vent system comprises five selected colorless ILs which
are listed as follows: (1) 1-butyl-3-methylimidazolium chlo-
ride, [BMIM] CL; (2) 1-butyl-3-methylimidazolium ace-
tate, [BMIM] OAg; (3) 1-butyl-3-methylimidazolium bis(tri-
fluorosulfonyl)imide, [BMIM] NTf,; (4) 1-butyl-3-methy-
limidazolium trifluoromethanesulfonate, [BMIM] OTf; and
(5) 1-butyl-1-methylpyrrolidinium chloride, [BMPy] Cl. The
binary solvent systems were prepared by adding 2mL of
respective ILs into a round bottom flask (with stopper)
containing 18 mL of organic solvent (acetone) with a ratio of
1:9. To avoid any moisture absorption due to the hygroscopic
properties of some ILs, the mixing process was carried out in
the glove box. The mixtures were stirred by using magnetic
stirrer for 5 to 6 hrs to homogenize the combined solvents.
The ratio of 1:9 was based on the exploratory experiment
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FIGURE 2: (a) Derris elliptica roots and (b) ground fine roots.

TABLE 1: Processing parameters used in the rotenone extraction
process.

Processing parameters

Solvent-to-solid ratio (mg/mL) 10mL/g
Weight of raw materials (g) 0.50¢g
Raw material particles size (mm)* 0.86 + 0.20 mm
Temperature ("C)* 28 +2°C
ILs-to-acetone ratio 1:9
Optimum time of exhaustive extraction 14 hrs

*Error bars represent the standard deviation (SD) of triplicates (1 = 3).

results (data not shown). The mixing of the ILs in acetone was

considered homogeneous if no apparent residual appeared in
the flask.

2.3. Normal Soaking Extraction. The extraction process was
carried out in a room temperature at 28 + 2°C by using a
combination of five different types of ILs and acetone with a
mixing ratio of 1:9. The optimized parameters were utilized
in accordance to Zubairi et al. [19] protocols as presented in
Table 1. The extraction process was carried out by soaking
0.50 g of dried roots in 10 mL of the respective solvent systems
for 24 hrs with solvent-to-solid ratio of 10mL/g (n = 3).
The liquid crude extract was collected twice at 14 hrs and
24 hrs prior to the reversed-phase high performance liquid
chromatography (RP-HPLC) and thin layer chromatography
(TLC) analysis.

2.4. Liquid Crude Extract Collection. The liquid crude
extracts were collected at 14 hrs and 24 hrs and placed in the
labeled vials. There were 18 samples in total of five different
types of solvent used in three replicates (n = 3). Acetone
was used as a control solvent. Next, the collected samples
were placed in a freezer (-18°C) to prevent any thermal
degradation.

2.5. Preparation of Fine Debris-Free Liquid Crude Extract.
The collected liquid crude extracts were diluted using ana-
Iytical grade acetonitrile, Sigma-Aldrich, 95% (v/v) with
a dilution factor (DF) of 20. Then, the extracts were filtered

by using polytetrafluoroethylene (PTFE—0.45 ym pore size)
vacuum filtration to remove any fine debris. A 2mL vial
was used to store the extracts prior to the qualitative and
quantitative analysis.

2.6. Qualitative Analysis Using Thin Layer Chromatography.
MERCK Silica gel 60 F254 TLC aluminium sheet was used
as a stationary phase to observe the presence of rotenone
in the liquid crude extract (n = 3). The migrations of
rotenone markers were compared with rotenone standard,
Dr. Ehrenstorfer GmbH, 93.80% (w/w). The markers and its
migrated distance were visualized and determined, respec-
tively, under UV light of 254 nm and 365 nm wavelengths.
In the development chamber, chloroform and n-hexane were
combined and utilized as a mobile phase system with a ratio
of 70:30. The retardation factors (R f) of each extract were
calculated by using

Retardation factor (R f)

Migration distance of substance @

~ Migration distance of solvent front’

2.7. Quantitative Analysis Using Reversed-Phase High Perfor-
mance Liquid Chromatography. Approximately 21.80 mg of
rotenone standard of Dr. Ehrenstorfer GmbH, 93.80% (w/w),
was diluted with 50 mL of acetonitrile in a volumetric flask.
The stock solution was filtered using Whatman filter paper
number 2 with 8 yum pore size. The quantitative analysis was
carried out by using symmetry CI8 5 uL column and waters
with internal diameter of 4.6 mm and 150 mm length. The
physical parameters involved in the RP-HPLC are as follows:
(1) flow rate of 0.7 mL/min; (2) injection volume of 20 uL;
(3) mobile phase of acetonitrile and deionized water with
a ratio of 60:40; and (4) photodiode array detector (PDA)
wavelength at 294 nm.

3. Results and Discussion

3.1 Ionic Liquids Solubility (ILs) in Acetone. To enhance
the rotenone extraction capacity, several ionic liquids were
preliminarily selected. However, there was a drawback on its
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FIGURE 3: Visualization of rotenone migration markers of five different types of binary solvent systems used at 14 hrs of extraction. The markers
were visualized on the alumina-based TLC plate under UV light of 254 nm. (a) Acetone; (b) [BMIM] CI; (¢) [BMIM] Oac; (d) [BMIM] NTEF2;
(e) [BMIM] OTF; and (f) [BMP] CI. The dark circled markers of STD and R (R1, R2, and R3) represent the rotenone standard and replication

of each binary solvent systems used.

solubility with organic solvents. The solubility of the selected
ILs in acetone was observed by a normal mixing with a ratio
of1:9. Meanwhile, an exploratory experiment has shown that
the higher the amount of ILs used in the mixtures is, the
higher the tendency of the ILs to produce undissolved solid
residual is (data not shown). Out of five selected ILs, only
1-butyl-3-methylimidazolium acetate, [BMIM] OAc, 1-butyl-
3-methylimidazolium bis(trifluorosulfonyl)imide, [BMIM]
NTf,, and 1-butyl-3-methylimidazolium trifluoromethane-
sulfonate, [BMIM] OTf, can be easily homogenized. However,
1-butyl-3-methylimidazolium chloride, [BMIM] Cl, and 1-
butyl-1-methylpyrrolidinium chloride, [BMPy] Cl, required
a longer time to be homogenized (with the aid of heating
at 80°C prior to mixing with acetone) which could possibly
be due to their physical properties (solid form at ambient
temperature) and a specific range of organic solvent polarity
so that the solubility of the ILs in the organic solvent can
be achieved. Theoretically, ionic liquids are miscible with an

organic solvent of a medium to high dielectric constant (g)
and become immiscible with a low dielectric constant (¢)
(20, 21]. Thus, the solubility of all selected ILs was considered
satisfactory as no apparent residual appeared in the flask
due to the high dielectric constant of acetone that aids the
solubility of both chemicals.

3.2. Qualitative Analysis on Rotenone Presence. The qualita-
tive analysis of thin layer chromatography (TLC) was carried
out to identify the existences of rotenone in the extracts of
all binary solvent systems used. Figure 3 shows the images
of rotenone markers visualized under UV light of 254 nm.
All samples exhibited a presence of rotenone markers in the
extracts. Meanwhile, Table 2 shows the migration distance
(cm) and retardation factor (R;) of rotenone in a standard
solution and liquid crude extracts. The results show that the
rotenone Ry value in a standard solution and all extracts
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TaBLE 2: Qualitative analysis of rotenone via TLC on varies binary solvent systems.
. Rc}tenone migraticl))? Retardation factor (R f)*
Binary solvent system distance, Ds (cm)
14 hrs 24 hrs 14 hrs 24 hrs

Rotenone standard® 1.80 +0.05 2.60 +0.03 0.45 + 0.04 0.65 +0.03
Control (acetone) 2.03£0.06 2.60 £0.01 0.51 +0.02 0.65 + 0.04
[BMIM] Cl + acetone 1.93 £ 0.06 2.20 £0.02 0.49 £ 0.01 0.55 £ 0.01
[BMIM] Oac + acetone 1.53 £ 0.06 1.40 £ 0.04 0.39 £ 0.01 0.35 £ 0.01
[BMIM] NTF2 + acetone 3.20 £ 0.01 217 £ 0.06 0.80 £ 0.01 0.54 £ 0.01
[BMIM] OTF + acetone 3.20 £ 0.08 1.70 £ 0.07 0.80 £ 0.08 0.43 +£0.06
[BMP] Cl + acetone 3.10 £ 0.00 2.93 £0.06 0.78 £ 0.00 0.74 £ 0.01

*Rotenone standard was prepared in acetone + ILs. bSpotting volume (TLC spotting capillary tubes): ~10 yL. Sample size: ~25 to 42 ug rotenone/spot. * Error

bars represent the standard deviation (SD) of triplicates (n = 3).
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FIGURE 4: Concentration of rotenone (mg/mL) with respect to five
different types of binary solvent systems. * P < 0.05—[BMIMI] OTF
+ acetone is the best binary solvent system to procure the highest
rotenone concentration (mg/mL) at the optimum time of extraction
process (14 hrs). P < 0.05—[BMIMI] NTF2 + acetone and acetone
extract produced high concentration as compared to the [BMIM]
Oac, [BMP] Cl, and [BMIM] Cl. Error bars represent the standard
deviation (SD) of triplicates (n = 3).

(including control) were determined to be insignificantly
different as compared to each other (P > 0.05). However,
there were still a lot of impurities (unknown markers left
behind rotenone) as presented in Figure 3. For that reason,
a purification process of the liquid crude extracts via high
vacuum pressure liquid chromatography (VLC) is highly
recommended as to increase the accuracy of rotenone and its
derivative compounds identification [22, 23].

3.3. Quantitative Analysis on Rotenone Content. Figures 4
and 5 show the concentration (mg/mL) and yield of rotenone,
% (w/w), respectively, from five different types of binary
solvent systems extracted at 14 hrs and 24 hrs. The dependent
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FIGURE 5: Yield of rotenone, % (w/w) in dried roots with respect to
five different types of binary solvent systems. P < 0.05—[BMIMI]
OTF + acetone is the best binary solvent system to procure the
highest rotenone content in dried roots (n = 3) at the optimum
time of extraction process (14 hrs). Error bars represent the standard
deviation (SD) of triplicates (n = 3).

variables were calculated based on the external standard
method of RP-HPLC. The retention time of rotenone in the
standard solution and liquid crude extract was observed at
8.83 mins (Figure 6) and 8.82mins (Figure 7), respectively.
Overall, it was observed that the binary solvent system
of 1-butyl-3-methylimidazolium trifluoromethanesulfonate,
[BMIM] OTf, produced the highest rotenone concentration
of 4.04 £ 0.34 mg/mL and 4.19 + 0.48 mg/mL as compared to
other ionic liquids and control solvent (acetone) (P < 0.05) at
14 hrs and 24 hrs, respectively. Meanwhile, the highest yield of
rotenone (2.69+0.21% (w/w) and 2.03+0.11% (w/w) in dried
roots) was determined in the 1-butyl-3-methylimidazolium
trifluoromethanesulfonate, [BMIM] OTf, solvent system at
14 hrs and 24 hrs, respectively. However, both of the reported
previous studies of the optimized processing parameters and
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the control extract (acetone) resulted in only 2.44 + 0.02%
(w/w) [20] and 2.44 + 0.09% (w/w) with a concentration of
3.65 + 0.13mg/mL, respectively. The results were approxi-
mately 24% lower than the yield of rotenone extracted using
a combination of [BMIM] OTf + acetone (P < 0.05). This
phenomenon appeared due to the large availability of the OTF
anion (Figure 1(b)) which helps attracting more hydroxyl
group of rotenone to form more hydrogen bonding [24, 25].

The significant increase of the rotenone content can be
explained in several aspects which are as follows: (1) the
susceptibility of rotenone functional groups against foreign

Journal of Chemistry

charges and (2) the capacity of ILs in multiple charges envi-
ronment. Rotenone compound as illustrated in Figure 1(a)
is an acidic isoflavonoid compound that consists of ketonic
chemical groups (R-C(=0)-R) [26] which has the potential
of interacting with intermediate polarity solvents. It can
be easily dissolved in moderate polarity organic solvents
(e.g., methanol, chloroform, and acetone) [27] and sparingly
soluble in water [28]. For that reason, a combination of any
ILs with moderate polarity of organic solvents would perhaps
increase the chances of extracting high rotenone content.
Previous study has shown that solubility of flavonoids and its
derivatives can be increased by using ILs as the components
are greatly an anion-dependent variable [24]. The anionic
potency of both organic solvent and ILs in extracting large
amount of bioactive compounds (e.g., rotenone) into the
solvent systems is significantly undeniable as both chem-
icals facilitated the extraction process via salvation power
and multiple interactions (e.g., hydrogen bonding, polarity,
ionic/charge-to-charge, and 77, 1-n) with the analytes [25,
29].

4. Conclusions

In conclusion, the best ionic liquid to aid the organic
solvent (acetone) extraction system was 1-butyl-3-methylim-
idazolium trifluoromethanesulfonate, [BMIM] OTf. The
selected binary solvent system has contributed to the highest
rotenone content of 2.69 + 0.21% (w/w) with a concentration
of 4.04 + 0.34 mg/mL at 14 hrs (time of exhaustive extraction
as reported in the previous study). The rotenone content was
24% higher than the optimized parameter of the acetone
extract (control) (P < 0.05). Therefore, the addition of certain
ionic liquids to the organic solvent will potentially give a sig-
nificant increase to the amount of bioactive constituent in the
phytochemical extraction process. Further study is required
to optimize several processing parameters especially on the
mixing ratio between the ILs and organic solvent in order
to verify the increase of rotenone content as the solubility
problem between both chemicals is relatively prominent.
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