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Abstract: An efficient microwave-assisted simultaneous distillation and extraction (MA-SDE) method
has been developed for the separation of polysaccharides and essential oil from Taxus chinensis var.
mairei. The key operating parameters for MA-SDE were optimized by single factor and central
composite design experiments, and the optimal conditions were found to include a particle size
of 60–80 mesh, liquid/solid ratio of 22.5 mL/g, extraction time of 17.5 min, microwave power of
547 W, and dichloromethane was used as the extraction solvent of the essential oil. The yields
obtained for polysaccharides and essential oil under the optimized conditions were 6.39% ˘ 0.12%
and 0.27% ˘ 0.03%, respectively. The MA-SDE method was also compared with conventional heat
reflux extraction (HRE) and hydrodistillation extraction (HDE). The MA-SDE method not only
allowed for the simultaneous extraction of polysaccharides and essential oil, but also completed the
task with a much shorter extraction time of 17.5 min (HRE and HDE required 3 and 6 h, respectively).
Furthermore, the MA-SDE method gave increased extraction yields for polysaccharides (1.14-fold
higher than HRE) and essential oil (1.23-fold higher than HDE). Based on these results, this MA-SDE
method represents a rapid and efficient technique for the simultaneous extraction of polysaccharides
and essential oil.

Keywords: essential oil; microwave-assisted simultaneous distillation/extraction; polysaccharides;
Taxus chinensis var. mairei

1. Introduction

Taxus chinensis var. mairei is an evergreen conifer native to China, where it is also referred to
as “Beauteous Taxus”. This plant is a source of active diterpenoids belonging to the taxane class of
compounds [1]. The most well-known member of this class is taxol, which is an anti-cancer agent used
in the clinic for the treatment of ovarian and breast cancers [2]. With the further study of Taxus, some
the other bioactive components with human health benefits, such as, polysaccharide and essential oil
were found and have attracted considerable attention throughout the world [3,4].

Recently, the results of numerous reports published have suggested that the polysaccharides from
T. chinensis var. mairei possess potent antitumor, antidiabetic, and immunity enhancing activities [3,5,6].
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Furthermore, the essential oils from T. chinensis var. mairei have been reported to exhibit remedial
effects in improving sleep quality, resisting consenescence and stabilizing blood pressure [4]. In light
of the notable pharmacological activities of the polysaccharides and essential oils derived from plants
belonging to the genus Taxus, there is an urgent need for the development of a robust and efficient
separation technology to allow them to be studied in greater detail. Unfortunately however, there
have been few reports pertaining to the extraction and separation of the polysaccharides or essential
oil found in T. chinensis var. mairei.

The polysaccharides and essential oils of plants have traditionally been extracted in separate
processes. Conventional heat reflux extraction (HRE) process has been used for the extraction of
polysaccharides from plants belonging to the genus Taxus [7]. Microwave-assisted extraction (MAE)
has recently been used for the isolation of target ingredients [8,9]. There are several advantages
associated with the use of MAE over traditional extraction methods, including better yields, improved
extract quality, shorter extraction time and reduced solvent consumption [10]. The results of several
studies have shown that MAE is more effective than conventional techniques for the extraction
of polysaccharides from plants [11–13]. In these cases, the extraction time and levels of solvent
consumption were reduced compared with the conventional techniques, whereas the amount of
extracted polysaccharide increased. However, the method can only extract polysaccharides.

The essential oils of a plant can be isolated by traditional hydrodistillation extraction (HDE) [14]
or steam distillation extraction [15]. However, the general application of these traditional techniques
has been limited by several shortcomings, including the long extraction times and poor recoveries,
making them particularly inefficient [16,17]. Simultaneous distillation extraction (SDE) using the
Likens-Nickerson apparatus effectively combines the advantages associated with liquid–liquid and
steam distillation extraction, and its extract efficiency and recovery of volatile compounds was
higher than traditional hydrodistillation extraction and steam distillation extraction [18,19]. Several
microwave-assisted distillation techniques have recently also been reported for the extraction of
essential oils, with satisfactory results being obtained in all cases [20–23]. The operation for microwave
assisted distillation-solvent extraction of essential oil was developed [24]. However, the operation can
only obtain essential oil.

The aim of this study was to develop an effective method for the simultaneous extraction of
polysaccharides and essential oils from T. chinensis var. mairei. Our research group developed a
microwave-assisted extraction coupled with hydrodistillation method for simultaneous extraction of
essential oils and biphenyl cyclooctene lignans from Schisandra chinensis Baill fruits previously [25].
Considering the advantages of SDE techniques, we improved the previous devices and developed a
microwave-assisted simultaneous distillation extraction (MA-SDE) method for synchronous extraction
of polysaccharides and essential oils from T. chinensis var. mairei.

In this study, experimental design was performed to identify the optimum values for the process
variables, including the particle size of the samples, the solvent used for the extraction of the essential
oils, the extraction time, microwave power and the liquid/solid ratio. Furthermore, the optimized
MA-SDE procedure was compared with conventional extraction techniques for the extraction of the
polysaccharides and essential oils from T. chinensis var. mairei.

2. Experimental Section

2.1. Chemicals and Reagents

Analytical grade dichloromethane, chloroform, n-hexane, petroleum ether (30–60 ˝C), diethyl
ether, glucose, phenol, sulfuric acid, sodium sulfate anhydrous, and ethanol were obtained from Tianjin
Kermel Chemical Reagent Co. Ltd (Tianjin, China).

2.2. Materials

Fresh leaves of T. chinensis var. mairei were obtained from Fujian Sansan pharmaceutical Ltd.
(Nanping, Fujian, China). The leaves were then dried in the shade at room temperature before being
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milled and passed through 40 mesh, 60 mesh, 80 mesh, and 100 mesh sieves, in turn. The resulting
powders were stored in a sealed desiccator at 4 ˝C prior to being used.

2.3. Apparatus

The MA-SDE device consisted of an MAE system (Shanghai Xintuo Analytical Instruments Co.;
Ltd, Shanghai, China) connected to a SDE unit (Shanghai Chaoyue Laboratory Instrument Works Co.;
Shanghai, China). A schematic representation of the MA-SDE apparatus used in the current study is
shown in Figure 1. The MAE apparatus was operated at an irradiation frequency of 2450 MHz with
the output power in the range of 10–800 W and the effect mode of microwave was set as non-pulsed
microwave heating. The dimensions of the interior cavity of the oven were 430 ˆ 512 ˆ 510 mm,
making the oven large enough to accommodate a 500-mL flask.
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Figure 1. Schematic representation of the MA-SDE device: (1) air-vent; (2) condenser; (3) vacuum
tube; (4) water outlet; (5) extraction cell; (6) valve cock; (7) flask I; (8) organic solvents; (9) water
bath; (10) power switch; (11) vacuum tube; (12) water inlet; (13) video display; (14) program
display; (15) control panel; (16) power switch; (17) microwave generator; (18) flask II; (19) water;
and (20) plant materials.

The MA-SDE device is made up of SDE unit and a MAE system. The microwave irradiation
can disrupt plant cell walls of plant sample and the phytoconstituents are released into the solvent
environment easily [26,27]. Thus, microwave-assisted extraction process can improve extraction of
polysaccharides and essential oils. The water in the sample flask and extraction organic solvents are
heated to boil, respectively. Then, the water steam with volatile compounds and organic solvents are
condensed in the condenser. The volatile compounds are extracted from water into organic solvents
in the extraction cell. The organic solvents containing volatile compounds and water will return
to each flask through each return arm. Finally, the essential oils are obtained from organic solvent
and polysaccharides are obtained from water. In other words, polysaccharides and essential oils are
simultaneous extracted from T. chinensis var. mairei by the MA-SDE device.
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2.4. Extraction Procedure

2.4.1. Conventional Hydrodistillation Extraction (HDE)

Twenty grams of the powdered T. chinensis var. mairei leaves were subjected to a conventional HDE
procedure in 400 mL of water for 6 h (until no more essential oil was obtained) using a Clevenger-type
apparatus. Notably, this procedure was conducted in accordance with the method described in the
European Pharmacopoeia [28]. This experiment was carried out under atmospheric pressure and the
water was heated to boiling.

2.4.2. Conventional Heat Reflux Extraction (HRE)

Twenty grams of the powdered T. chinensis var. mairei leaves were placed in a round-bottomed
flask followed by 400 mL of distilled water, and the flask was then placed into a heating mantle and
fitted with a reflux condenser before being heated at reflux for 3 h.

2.4.3. Microwave-Assisted Simultaneous Distillation Extraction (MA-SDE)

Extraction experiments were carried out using the MA-SDE apparatus illustrated in Figure 1.
50 mL of an extraction solvent was put into a 100-mL flask (I), and twenty-gram samples of powdered
T. chinensis var. mairei leaves were mixed with water in a 500-mL flask (II). In detail, different extraction
solvents, including 50 mL portions of dichloromethane, chloroform, n-hexane, petroleum ether
(30–60 ˝C) or diethyl ether, were respectively evaluated as extraction solvent in flask (I). The flask (I)
was heated in a water bath at 55, 72, 75, 70, and 45 ˝C for dichloromethane, chloroform, n-hexane,
petroleum ether, and diethyl ether, respectively. At the same time, flask (II) containing a mixture of
water and the sample was subjected to microwave irradiation in the oven of the MA-SDE apparatus.
After the extraction process, the organic solvent in flask (I) was collected and dried overnight over
anhydrous sodium sulfate. The solvent was then removed under reduced pressure to give the essential
oil, which was stored at 4 ˝C prior to being analyzed. The mixture in flask (II) was centrifuged
(10,000ˆ g, 5 min, 25 ˝C), and the supernatant was collected and concentrated under reduced
pressure. The concentrated solution was then treated with absolute ethanol to give a precipitate,
which was collected by filtration and dried at 60 ˝C until its weight remained constant and to give
crude polysaccharides.

2.5. Quantification of Polysaccharides and Essential Oil

The yields of the target analytes in the samples were determined as the average values from
three independent experiments. The polysaccharides content in the crude polysaccharides extract was
determined by the phenol-sulfuric method using D-glucose as a standard [29]. The polysaccharide
yield was calculated according to the following equation [30]:

Y1 “ W1 ˆ C{W2 ˆ 100 (1)

where Y1 is the polysaccharide yield (%), W1 is the weight of crude polysaccharides (g),W2 is the
weight of the raw material (g) and C is the polysaccharides content in the crude polysaccharides
extract (%).

The essential oil yield was calculated using the following equation:

Y2 “ W3{W2 ˆ 100 (2)

where Y2 is the essential oil yield (%), W2 is the weight of the raw material (g), and W3 is the weight of
the essential oil (g).
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2.6. Qualification of Essential Oil by GC-MS

GC-MS analysis was performed using on a GC system equipped with a GC-MSD 7890 N-5973
insert plus mass spectrometer (Agilent, Santa Clara, CA, USA). The separation of the essential oil was
carried out using a HP-5MS capillary column (5% phenyl siloxane/95% methyl polyorganosiloxane,
30 m ˆ 0.25 mm ˆ 0.25 µm). Helium was used as the carrier gas, and the flow rate was 1.0 mL/min.
Samples (1.0 µL) were injected in splitless mode with a split ratio of 20:1. The temperature of the
column was kept at 70 ˝C for 3 min, increased to 200 ˝C at a rate of 2 ˝C/min and then raised to 240 ˝C
at a rate of 8 ˝C/min. The column was then held at 240 ˝C for 5 min before being raised to 260 ˝C
at a rate of 5 ˝C/min. Finally, the column was then held at 260 ˝C for 5 min. The GC-MS connector
temperature was kept at 280 ˝C. The temperature of the ionization source, solvent delay time, and
electron energy were set at 230 ˝C, 4 min and 70 eV, respectively. The mass range of the detector was
set as 20–400 atomic mass units (amu).

2.7. Experimental Design

The influencing factors, including the solvent used for the extraction of the essential oil,
liquid/solid ratio, microwave power, extraction time and particle size of sample, were systematically
evaluated using an experimental design process. Based on the single factor experimental results, a 23

factorial portion central composite design (CCD) combined with response surface methodology (RSM)
was used for optimizing the microwave power (X1: 400–600 W), extraction time (X2: 10–20 min) and
liquid/solid ratio (X3: 15–25 mL/g). Twenty different experiments with six center points (six replicates
for each center point) were used in the CCD test to fit the full quadratic equation model. The general
equation was as follows:

Y “ β0 `

k
ÿ

i“1

βiXi `

k
ÿ

i“1

βiiX2
i `

k–1
ÿ

i “ 1
i ă j

k
ÿ

j“2

βijXiXj pk “ 3q (3)

where Y represents the response variable; β0, βi, βii, and βij are the regression coefficients of the
intercept, linearity, square, and interaction terms, respectively; Xi and Xj are the independent coded
variables affecting the response variable Y; and k is the number of variables. Each factor for the test
variables was set at one of five different levels (i.e., ´1.68, ´1, 0, +1, +1.68) to evaluate the equation.
The dependent variables were set as the yields of the polysaccharides and essential oil from the
powdered leaves of T. chinensis var. mairei. The actual and coded levels of the independent variables
used in the experimental design are shown in Table 1. All of the experiments were conducted in
triplicate and the yields reported in the table represent the average values of the three experiments.

Table 1. Experimental conditions used for the central composite design analysis and the corresponding
measured responses.

Runs
Factors Yields (%)

X1 (W) a X2 (min) b X3 (mL/g) c Polysaccharides Essential Oil

1 1 (600) 1 (20) ´1 (15) 6.07 0.23
2 0 (500) 0 (15) 0 (20) 6.22 0.27
3 0 (500) 0 (15) 0 (20) 6.32 0.27
4 1 (600) ´1 (10) 1 (25) 6.01 0.18
5 ´1 (400) ´1 (10) ´1 (15) 5.22 0.16
6 1 (600) 1 (20) 1 (25) 6.34 0.25
7 ´1 (400) 1 (20) 1 (25) 5.77 0.24
8 1 (600) ´1 (10) ´1 (15) 5.64 0.16
9 ´1 (400) ´1 (10) 1 (25) 5.52 0.18
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Table 1. Cont.

Runs
Factors Yields (%)

X1 (W) a X2 (min) b X3 (mL/g) c Polysaccharides Essential Oil

10 0 (500) 0 (15) 0 (20) 6.15 0.27
11 ´1 (400) 1 (20) ´1 (15) 5.54 0.23
12 0 (500) 0 (15) 0 (20) 6.33 0.26
13 ´1.68 (331.82) 0 (15) 0 (20) 5.49 0.20
14 0 (500) 0 (15) 0 (20) 6.12 0.27
15 1.68 (668.18) 0 (15) 0 (20) 6.27 0.20
16 0 (500) 0 (15) ´1.68 (11.59) 5.41 0.22
17 0 (500) ´1.68 (6.59) 0 (20) 5.45 0.13
18 0 (500) 0 (15) 1.68 (28.41) 5.94 0.27
19 0 (500) 0 (15) 0 (20) 6.29 0.27
20 0 (500) 1.68 (23.41) 0 (20) 5.91 0.24

a X1 is expressed as the irradiation power (W); b X2 is expressed as the extraction time (min); c X3 is expressed
as the liquid/solid ratio (mL/g).

3. Results and Discussion

3.1. Single-Factor Experiments

3.1.1. Effect of Extraction Solvent on the Yield of Essential Oil

Obviously, for MA-SDE, the nature of the extraction solvent could have a significant impact on
the yield of the essential oil, but not impact on the yield of the polysaccharides. MA-SDE with different
extraction solvent, including hexane, dichloromethane, petroleum ether (30–60 ˝C), diethyl ether, and
chloroform was investigated. Effect of the extraction solvents on the yield of the essential oil obtained
from the powdered leaves of T. chinensis var. mairei was seen in Figure 2. It is clear from the results
shown in Figure 2 that the use of hexane, petroleum ether, diethyl ether, or chloroform as the extraction
solvent resulted in a low yield of the essential oil. In contrast, the use of dichloromethane as the
extraction solvent gave much higher yields. The results are consistent with the reference [31]. Based on
these results, dichloromethane was identified as the optimum solvent for the extraction of the essential
oil from T. chinensis var. mairei leaves and used in all of the following experiments.
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3.1.2. Effect of Particle Size of Sample

The particle size of the powdered T. chinensis var. mairei leaves was classified into five fractions
using sieves (<40 mesh, 40–60 mesh, 60–80 mesh, 80–100 mesh, and >100 mesh). The effect of the
particle size on the extraction yields of the polysaccharides and essential oil are shown in Figure 3A.
When the particle size of sample was less than 80 mesh, with the decrease of particle size of the sample,
the extraction yields of polysaccharides and essential oil were increased. It can be related to an increase
in the specific surface area which allows more contact of the sample with the solvent and a better
penetration of the microwave [32,33]. However, when the particle size of sample was more than 80
mesh, with the decrease of particle size of the sample, the extraction yields of polysaccharides and
essential oil were decreased. It may be smaller particle size was easy to absorb target compounds [34],
thus decreasing the diffusion rate of target compounds from sample into solvent. It is clear from the
results in Figure 3A that the highest yields of the polysaccharides and the essential oil were obtained
when the particle size of the sample was 60–80 mesh.
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3.1.3. Effect of Extraction Time

The effect of extraction time on the yields of the polysaccharides and essential oil was investigated
in the range of 5–25 min. Based on the results shown in Figure 3B, it is clear that the yields of the
polysaccharides and essential oil increased significantly as the extraction time was increased from 5
to 15 min. However, further increasing the extraction time from 15 to 25 min led to a slight decrease
in the yields of polysaccharides and essential oil. This decrease in the yields following an extended



Appl. Sci. 2016, 6, 19 8 of 15

extraction time could be attributed to the decomposition of polysaccharides and essential oil under the
high temperatures required of the extraction process, resulting in a decrease in their yield. Based on
these results, an extraction time of 15 min was identified as the optimum extraction and used for the
subsequent experiments.

3.1.4. Effect of the Microwave Power

The microwave power was found to have a significant effect on the yields of the target compounds
from the powdered leaves of T. chinensis var. mairei (see Figure 3C). When the microwave power was
increased from 300 to 500 W, the yields of the target compounds increased significantly. This increase
in the yields was attributed to the fact that microwave irradiation energy can enhance the extent
to which the solvent penetrates into the solid matrix of the powdered sample [35]. In this way, the
solvent can be efficiently delivered to the target compounds through molecular interaction with the
electromagnetic field, allowing for the rapid transfer of energy to the solvent and matrix and the facile
extraction of the dissolved components [36]. However, the too high power may lead to loss of volatile
oil and degradation of polysaccharides [37]. When the microwave power was beyond 500 W, the yields
of essential oil and polysaccharides leveled off, which is probably because that the extraction and
degradation of target compounds arrive a balance at this circumstance. Hence, the optimal microwave
power was determined to be 500 W and used in the subsequent reactions.

3.1.5. Effect of Liquid/Solid Ratio

A series of extractions were performed with different liquid/solid ratios to evaluate the effect
of the liquid/solid ratio on the yields of the polysaccharides and essential oil. Figure 3D shows that
the yields of the polysaccharide and essential oil significantly increased when the liquid/solid ratio
was increased from 10 to 20 mL/g. When the liquid/solid ratio was varied from 20 to 30 mL/g, there
was no discernible difference in the yields of target compounds. Based on these results, the optimal
liquid/solid ratio was determined to be 20 mL/g and used for the subsequent experiments.

3.2. Optimization of the Extraction by RSM

The individual and combined effects of these factors on the efficiency of the isolation procedure
can be estimated by statistical methods such as RSM [38]. According to the results of the single-factor
experiments, three major parameters, including the microwave power, extraction time and liquid/solid
ratio were further optimized by CCD combined with RSM. The center points were set as 500 W
(microwave power), 15 min (extraction time), and 20 mL/g (liquid/solid ratio), and the results are
shown in Table 1. Regression analyses were conducted to fit the models of the experimental data form
Table 1. A second-order polynomial model was used to express the yields of the polysaccharides and
essential oil, and two equations with the three independent variables are as follows:

Y1 “´3.25 ` 1.22ˆ 10´2X1 ` 0.25X2 ` 0.33X3 ` 4.75ˆ 10´5X1X2 ` 2.75ˆ 10´5X1X3

´ 8.50ˆ 10´5X2X3´ 2.50ˆ 10´6X2
1´ 1.20ˆ 10´3X2

2´ 3.50ˆ 10´4X2
3

(4)

Y2 “´0.88 ` 2.39ˆ 10´3X1 ` 4.25ˆ 10´2X2 ` 1.59ˆ 10´2X3

` 2.50ˆ 10´6X1X2 ` 2.50ˆ 10´6X1X3 ` 5.00ˆ 10´5X2X3

´ 1.15ˆ 10´5X2
1´ 7.45ˆ 10´3X2

2´ 7.52ˆ 10´3X2
3

(5)

where Y1 and Y2 are the yields of the polysaccharide and essential oil (%), respectively; X1 is the
microwave power (W); X2 is the extraction time (min); and X3 is the liquid/solid ratio (mL/g).

The significance of each coefficient was determined based on the results of an F test and the
corresponding p-values, as well as the results of variance analysis (ANOVA) for the quadratic model,
as shown in Tables 2 and 3. A large F-value with a small p-value indicated that the corresponding
term in the model was more likely to be significant. The coefficient (r2) obtained from the calculated
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model was 0.9836 for the polysaccharides and the lack-of-fit (p > 0.05) was not found to be significant.
The coefficient (r2) obtained from the calculated model was 0.9941 for the essential oil and the lack-of-fit
(p > 0.05) was not found to be significant.

Table 2. ANOVA of response surface quadratic model for extraction yield of polysaccharides from
T. chinesis var. mairei.

Source Sum of Squares DF Mean Square F-Value p-Value

Block 2.19 ˆ 10´2 1 2.19 ˆ 10´2 – –
Model 2.47 9 0.27 59.88 0.00

X1 0.81 1 0.81 176.41 0.00
X2 0.32 1 0.32 70.75 0.00
X3 0.31 1 0.31 67.93 0.00

X1X2 4.51 ˆ 10´3 1 4.51 ˆ 10´3 0.99 0.35
X1X3 1.51 ˆ 10´3 1 1.51 ˆ 10´3 0.33 0.58
X2X3 3.61 ˆ 10´3 1 3.61 ˆ 10´3 0.79 0.40
X1

2 0.19 1 0.19 42.05 0.00
X2

2 0.50 1 0.50 109.19 0.00
X3

2 0.51 1 0.51 111.27 0.00
Residual 0.041 9 4.58 ˆ 10´3 – –

Lack of fit 4.67 ˆ 10´3 5 9.34 ˆ 10´4 0.10 0.99
Pure error 0.037 4 9.14 ˆ 10´3 – –
Cor total 2.53 19 – – –

As shown in Table 2, the model terms with significant effects on the polysaccharide yields (p < 0.01)
were determined to be the linear terms of X1, X2, and X3, and the quadratic terms of X1

2, X2
2, and X3

2,
while the interaction terms (X1X2, X1X3, and X2X3) were not significant (p > 0.05).

Table 3. ANOVA of response surface quadratic model for the extraction yield of the essential oil from
T. chinensis var. mairei.

Source Sum of Squares DF Mean Square F-Value p-Value

Block 0.00 1 0.00 – –
Model 3.71 ˆ 10´2 9 4.12 ˆ 10´3 168.37 0.00

X1 7.32 ˆ 10´6 1 7.32 ˆ 10´6 0.30 0.60
X2 1.52 ˆ 10´2 1 1.52 ˆ 10´2 619.48 0.00
X3 1.74 ˆ 10´3 1 1.74 ˆ 10´3 71.05 0.00

X1X2 1.25 ˆ 10´5 1 1.25 ˆ 10´5 0.51 0.50
X1X3 1.25 ˆ 10´5 1 1.25 ˆ 10´5 0.51 0.50
X2X3 1.25 ˆ 10´5 1 1.25 ˆ 10´5 0.51 0.50
X1

2 8.84 ˆ 10´3 1 8.84 ˆ 10´3 361.15 0.00
X2

2 1.30 ˆ 10´2 1 1.30 ˆ 10´2 532.33 0.00
X3

2 1.13 ˆ 10´3 1 1.13 ˆ 10´3 46.23 0.00
Residual 2.20 ˆ 10´4 9 2.45 ˆ 10´5 – –

Lack of fit 1.45 ˆ 10´4 5 2.90 ˆ 10´5 1.55 0.35
Pure error 7.52 ˆ 10´5 4 1.88 ˆ 10´5 – –
Cor total 3.73 ˆ 10´2 19 – – –

As shown in Table 3, the model terms with significant effects on the yield of the essential oil
(p < 0.01) were determined to be the linear terms of X2 and X3, and the quadratic terms of X1

2, X2
2 and

X3
2, while the interaction terms (X1X2, X1X3, and X2X3) and the linear term of X1 were not significant

(p > 0.05).
Three dimensional response surfaces show the effects of the mutual interactions between the

independent variables. The yields of the polysaccharides and essential oil were predicted for the
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different values of the test variables and the interactions between the microwave power, extraction
time and liquid/solid ratio (see Figure 4).
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polysaccharide (A) and essential oil (D); impact of the liquid/solid ratio and microwave power on
the yields of the polysaccharides (B) and essential oil (E); and the effects of the liquid/solid ratio and
extraction time on the yields of the polysaccharides (C); and essential oil (F).

Based on the above model, the maximum predicted yield of the polysaccharides was 6.43%,
corresponding to an extraction time of 17.2 min, liquid/solid ratio of 22.0 (mL/g) and microwave power
of 590 W. The maximum predicted yield of the essential oil was predicted to be 0.28%, corresponding
to an extraction time of 17.7 min, liquid/solid ratio of 23.0 (mL/g), and microwave power of 504 W.
Considering the recovery yields of the polysaccharides and essential oil, the optimal conditions for
extracting these materials were identified as an extraction time of 17.5 min, liquid/solid ratio of
22.5 (mL/g), and microwave power of 547 W. Based on above the optimal conditions, a validation
experiment was performed. The experimental results show that the yields of the polysaccharides
and essential oil under the optimal extraction conditions were determined to be 6.39% ˘ 0.12% and
0.27% ˘ 0.03%, respectively.

3.3. MA-SDE Was Compared with the Traditional Extraction Methods

Three extraction methods, including the HRE, HDE, and MA-SDE methods were compared in
terms of their ability to affect the extraction of the polysaccharides and essential oil from the powdered
leaves of T. chinensis var. mairei (see Figure 5). The results in Figure 5 clearly show that the yield of the
polysaccharides obtained by the MA-SDE method was 6.39% ˘ 0.12%, which was 1.14-fold higher
than that of the yield obtained by the conventional HRE method. Furthermore, the yield of essential
oil obtained by the MA-SDE method was 0.27% ˘ 0.03%, which was 1.23-fold higher than the yield
obtained using the conventional HDE method. The use of an extraction time of 17.5 min with the
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MA-SDE method provided yields that could only be achieved after 6.0 and 3.0 h extraction times for
the HDE and HRE methods.Appl. Sci. 2016, 6, 19 11 of 14 
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Figure 6. GC-MS chromatogram of the essential oil from the leaves of T. chinensis var. mairei.

3.4. GC-MS Analysis of the Essential Oil Derived from the Powdered Leaves of T. chinensis var. mairei

The components of the essential oil were identified based on a comparison of their retention indices
and mass spectra with those recorded in the NIST02 Mass Spectral Library. GC-MS chromatogram
of the essential oil from the leaves of T. chinensis var. mairei is shown in Figure 6. The quantitative
analysis of each essential oil component (expressed as an area percentage) was carried out by peak
area normalization. The components of the essential oil identified by MA-SDE and HDE are listed
in Table 4. Thirty-three components were identified in the essential oil extracted from the powdered
leaves of T. chinensis var. mairei using MA-SDE and HDE, accounting for 94.59% and 95.05% of the
total essential oil, respectively. The compounds and contents of essential oil obtained by MA-SDE are
almost the same as those obtained by HDE, and the most abundant components of the essential oil
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were determined to be fatty acids, including cis-vaccenic acid, (E)-palmitoleic acid, n-hexadecanoic
acid, (Z,Z)-9,12-octadecadienoic acid, oleic acid, and hexanoic acid by the two methods. This means
that essential oil could be extracted using MA-SDE without causing major changes in the essential
oil components.

Table 4. Composition of the essential oil from T. chinensis var. mairei.

No. Compound CAS
Number

Molecular
Formula RI a Content (%) b

MA-SDE HDE

1 Hexanal 66-25-1 C6H12O 802 0.26 0.28
2 Benzaldehyde 100-52-7 C7H6O 960 0.46 0.45
3 1-Octen-3-ol 3391-86-4 C8H16O 978 0.42 0.42
4 Hexanoic acid 142-62-1 C6H12O2 981 1.01 1.01
5 3-Octanol 20296-29-1 C8H18O 995 0.56 0.55
6 3-Carene 13466-78-9 C10H16 1010 0.73 0.72
7 Benzeneacetaldehyde 122-78-1 C8H8O 1045 0.43 0.42
8 1-Octanol 111-87-5 C9H18O 1070 0.34 0.33
9 Nonanal 124-19-6 C9H18O 1102 1.68 1.68

10 3,7-Dimethyloct-1-en-3-ol 18479-49-7 C10H20O 1135 0.43 0.43
11 Tetradecane 629-59-4 C14H30 1400 0.16 0.16
12 α-Ionone 127-41-3 C13H20O 1429 0.40 0.39
13 β-Ionone 79-77-6 C13H20O 1490 0.31 0.31
14 2-Hexyl-1-decanol 2425-77-6 C16H34O 1504 1.27 1.27
15 Dodecanoic acid 143-07-7 C12H24O2 1570 0.23 0.23
16 Hexadecane 544-76-3 C16H34 1600 0.53 0.53
17 2,6,10,14-Tetramethyl-pentadecane 1921-70-6 C19H40 1707 1.87 1.89
18 Tetradecanoic acid 544-63-8 C14H28O2 1770 0.26 0.25
19 Octadecane 593-45-3 C18H38 1800 0.30 0.30
20 Phytane 638-36-8 C20H42 1810 0.28 0.28
21 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 84-69-5 C16H22O4 1867 0.88 0.86
22 Hexadecanoic acid methyl ester 112-39-0 C17H34O2 1928 4.84 4.82
23 n-Hexadecanoic acid 57-10-3 C16H32O2 1971 6.19 6.19
24 Eicosane 112-95-8 C20H42 2000 1.06 1.08
25 Heneicosane 629-94-7 C21H44 2100 1.01 1.00
26 Phytol 150-86-7 C20H40O 2112 0.27 0.27
27 cis-Vaccenic acid 506-17-2 C18H34O2 2123 36.73 36.96
28 Oleic acid 112-80-1 C18H34O2 2142 1.67 1.70
29 (Z,Z)-9,12-Octadecadienoic acid 60-33-3 C18H32O2 2156 1.88 1.83
30 (E)-Palmitoleic acid 112-79-8 C18H34O2 2163 23.66 24.05
31 Linolenic acid ethyl ester 1191-41-9 C20H34O2 2170 0.53 0.52
32 Ethyl oleate 111-62-6 C20H38O2 2179 3.44 3.37
33 Eicosanoic acid, ethyl ester 18281-05-5 C22H44O2 2380 0.51 0.50

Total 94.59 95.05
a RI is retention indices relative to C8-C24 n-alkanes on the HP-5MS capillary column; b The content was
expressed as peak area of individual component relative to the total peak areas (%).

4. Conclusions

A MA-SDE method has been successfully developed for the simultaneous separation of the
polysaccharides and essential oil from the powdered leaves of T. chinensis var. mairei. First, extraction
solvent of essential oil, particle size of sample, extraction time, microwave power, and liquid/solid
ratio were optimized using single factor experiment. Then, based on the single-factor experimental
results, a CCD combined with RSM was used for further optimizing the microwave power, extraction
time, and liquid/solid ratio. Based on the results of single factor experiments and CCD tests, the
optimal conditions for the extraction of the essential oil were determined to be dichloromethane as the
extraction solvent, a sample particle size of 60–80 mesh, liquid/solid ratio of 22.5 mL/g, extraction
time of 17.5 min and microwave power of 547 W. MAE is well known as a technique for green
extraction [39,40] and adheres to the technical advantages of MAE. Compared to conventional HRE
and HDE methods, the MA-SDE method provided higher yields, less energy consumption, and shorter
extraction duration, which suggested that this method is highly effective for the extraction of the
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polysaccharides from T. chinensis var. mairei. In addition, this method accelerates the isolation of
essential oil from T. chinensis var. mairei without causing major changes in the essential oil composition.
The proposed green and effective MA-SDE method could also be used for the simultaneous separation
of volatile compounds and polysaccharides from other plants.
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