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Abstract. The mangosteen (Garcinia mangostana Linn.) pericarp contains rich xanthone, a
one kind of the polyphenols in the non-edible portion. In recent years, xanthones have
been noted as a functionality such as anti-cancer effect and is expected as pharmaceuticals
and health supplements. In this work, extraction of xanthones from mangosteen pericarp
by using liquefied DME were investigated. Wet powder and cube samples were used as a
raw material. Experimental conditions were 35 °C, 0.8 MPa with various amounts of
sample (1, 3, 6 g). Extracted components were analyzed by using high performance liquid
chromatography (HPLC). As a result, it was confirmed that eight kinds of xanthones such
as alpha-mangostin, 3-Isomangostin, Mangostanol, 8-Desoxygartanin, Gartanin,
Garcinone E, 9-Hydroxycalabaxanthone, beta-Mangostin were extracted. The highest yield
of alpha-mangostin (42.9 mg/g_dry sample) was obtained with a powder sample of 6 g
loaded. Final alpha-magostin corresponded to about 104% of the ethanol extraction with
wet mangosteen pericarp, and 72% of the dried sample. Therefore, it was considered that
in the extraction of xanthones from the mangosteen, liquefied DME extraction was valid.
Keywords: Liquefied dimethyl ether, Garcinia mangostana, xanthones, extraction.

ENGINEERING JOURNAL Volume 20 Issue 4
Received 3 March 2016
Accepted 13 June 2016
Published 1 August 2016
Online at http://www.engj.org/
DOI:10.4186/ej.2016.20.4.155

DOI:10.4186/ej.2016.20.4.155

1. Introduction
Mangosteen (Garcinia mangostana Linn.) is one of the tropical fruits belonging to the Guttiferae family which
called “queen of the fruit” because of its sweet juicy edible part. It is grow in Thailand, Malaya, India,
Vietnam, Singapore, Philippines and Burma [1-2]. It has a dark red pericarp that has been discarded.
However, the valuable compounds such as xanthones, which is a kind of polyphenols are contained in the
pericarp. Xanthones are attracting attention as a dietary supplement and a medicament because its powerful
functionalities [3-6]. In recent years, the functionality of xanthones has been reported on medical,
pharmaceutical and food science fields as follow. Antiproliferative, antioxidation and induction of apoptosis
by mangosteen extract on human breast cancer cell line [7-9]. Induction of apoptosis by xanthones
occurred in human leukemia cell lines[10]. Garcinone E, one of a xanthone derivatives, has potent cytotoxic
effect against liver cancer, gastric cancer, lung cancer and colorectal cancer [11, 12]. Currently, the organic
solvent (ethanol, methanol and ethyl acetate, etc.) were used as conventional extraction solvents for
obtaining the xanthones [2, 7, 12]. However, the following problems have been concerned; the oxidation
and thermal denaturation, the environmental impact, and effects on the human body of residual solvent. As
a method of solving these problems, supercritical carbon dioxide (SC-CO2) and liquefied dimethyl ether
(DME) are receiving attention as the extraction solvent because of their useful properties. SC-CO2 is
excellent extraction solvent for the non-polar substance because it has properties similar to hexane.
Additionally the method has shown high selectivity by operating conditions such as temperatures and
pressures [13-15]. However, it is necessary to use a special apparatus to establish the high pressure of SCCO2 and pretreatment such as sample drying. In the case of DME, the standard boiling point is -24.8 °C,
and its saturated vapor pressure at 20 °C is 0.51 MPa. Because of the weak hydrogen bonds of DME, water
dissolves into the liquefied DME to the extent of 7 – 8 wt% at room temperature. Therefore, those
characteristic properties, it can extract functional ingredients from the high moisture content raw materials
at the vicinity of room temperature [16-23]. Additionally, DME has been approved as a safe extraction
solvent for the production of foodstuffs and food ingredients by the European Food Safety Authority [24].
In this work, the alpha-mangostin which is a kind of xanthone would be extracted from the raw pericarp of
mangosteen using liquefied DME. Experimental conditions were 35°C/0.8 MPa and extracted components
were analyzed by using high performance liquid chromatography (HPLC).
2. Experimental
2.1. Material and Chemicals
For the extraction, pericarp of mangosteen which was cultivated in Thailand was used. Wet sample of
pericarps was prepared as powder type (0.5 – 1.0 mm) and cube type (5 mm). alpha-Mangostin was
purchased from Wako Co. Ltd., Japan was used for standard. Other xanthones (3-Isomangostin,
Mangostanol, 8-Desoxygartanin, Gartanin, Garcinone E, 9-Hydroxycalabaxanthone, beta-Mangostin) were
calculated using the calibration curve of alpha-mangostin. HPLC-grade of methanol and acetic acid used
for HPLC analysis. The analytical–grade of ethanol which used for ethanol extraction and dilution solvent
were purchased from Wako Co. Ltd., Japan.
2.2. Equipment and Procedures
2.2.1. DME Extraction
Figure 1 shows a schematic of the laboratory-scale DME extraction apparatus. Liquefied DME tank (100
ml; TVS-1-100, Taiatsu Techno Corp., Saitama, Japan), the extraction column (10 ml; HPG-10-5, Taiatsu
Techno Corp., Saitama, Japan) and collector (96 ml; HPG-96-3, Taiatsu Techno Corp., Saitama, Japan)
were employed for the experiment.
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Fig.1. Schematic diagram of DME extraction apparatus.
Raw materials were prepared for powder type (moisture content of 61.6%) and cube type (moisture
content of 62.9%). In each experiment, approximately 1, 3, and 6 g of wet samples were loaded into the
extraction column and the remaining volume was filled with glass beads (diameter between 1.5 and 2.5 mm;
BZ-2, ASONE Co., Inc., Osaka, Japan) and cotton at the bottom and top of the column [18, 25].
The liquefied DME in the tank was controlled at 35 ± 2 °C in a water bath, while the saturated vapor
pressure of DME in the tank was 0.78 ± 0.03 MPa[16]. The liquefied DME was supplied to the extraction
column, and cooled down to room temperature using the long tube, which connected the tank and the
extraction column. The temperature of the DME in the tube and extraction column was 20 ± 1°C. DME
flowed owing to the pressure difference between tank and the extraction column while the DME flow rate
was maintained at 7 mL/min using a pressure-reducing valve in the outlet of the extraction column. After
the liquefied DME was passed through the extraction column at different time intervals, the DME was
evaporated by opening the pressure-reducing valve of collector. The amount of the total extracts remaining
in collector was equal to the total amount of extract and water extracted from the samples. The total extract
was weighed after collection, and the yield of water, extract, and xanthones were determined using the
equation shown below (1), (2), and (3). In addition, the amount of alpha-mangostin in the extract was
analyzed using high-performance liquid chromatography (HPLC).
Extracted water [g]

Yield of water = Initial amount of water in samples [g]
Extracts [g]

Yield of extract = Dry samples [g]
Yield of xanthone =

Extracted xanthone [mg]
Dry samples [g]

(1)
(2)
(3)

2.2.2. Conventional Method Using Ethanol as Extraction Solvent
Ethanol extraction for comparison was performed. Powder type (0.5-1.0 mm) was used as an extraction
material in wet sample (moisture content of 61.6%) and dry sample (moisture content of 5.3%). Using a
batch extractor, 100 mL ethanol was heated while mixing on a hot stirrer (500 rpm) at 35°C and ambient
pressure. A sample of milled mangosteen pericarp (1.0 g) was added when the pre-treatment temperature
condition was achieved, then the extraction was started. 1 mL extract liquid was collected at 10, 20, 30, 60,
and 90 min.
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2.3. HPLC Analysis
The HPLC system consisted of a Tosoh LC-8010 system (Tosoh Co. Japan) which equipped with a UV
detector. The extracts including xanthones were separated using a TSK-GEL (Tosoh Co. Japan) ODS-80Ts
column (150 × 4.6 mm) at 40 °C. The detection wavelength was set at 340 nm. Extracts were dissolved in
4 mL of ethanol and injected into the HPLC system. The injection volume was 5 or 50 L, which was
selected based on the extract concentration to avoid detector saturation. Two mobile phases were used
during the separations: (A) methanol and (B) 0.1% acetic acid in water. The methanol gradient profiles were
as follows: 75% over 0 – 10 min; 90% over 50 – 60 min; 75% over 60 – 70 min. The flow rate was set at
0.8 mL/min.
3. Result and Discussion
DME extraction for the wet sample of mangosteen pericarp was successfully carried out. Fig. 2 shows the
pictures of raw material, residue, and extracts which dissolved in ethanol after DME extraction. The color
of the raw material was dark red-purple, however the color of the residue was bleached to orange-yellow.
On the other hand, the color of the initial extract was orange, the extract gradually lost its color with
increasing extraction time because of the consumption of solvent towards the end of the extraction process.
Raw material

Residue

Extracts (ethanol solution)

Powder
sample

Cube
sample

Fig. 2. Images of raw material, residue, and extracts.
3.1. Water Extraction
Figure 3 shows the amounts of water removal from the samples using liquefied DME. In order to differing
water contents in each sample, the DME consumption (horizontal axis) was expressed as the ratio between
the consumption of DME and the total initial amount of water in the tested sample. In the case of shape of
the sample, the extracted water from cube sample was slightly lower than the powder type due to its
thickness [16]. Moreover, higher amount of DME was required to extract the same amount of water
compared to powder type. On the other hand, in the case of powder sample, extraction equilibrium has
been nearly reached in the initial stage. Therefore, it is considered that the DME consumption maybe
reduced by milling in order to increase the contact area. In the case of extraction using various filling
amounts, 6 and 3 g are obtained almost the same amount of water (0.8 g/g initial water). 1 g was the lowest
yield (0.6 g/g initial water) due to some of the extract may remain in the inside of the tube of the apparatus.
Therefore, it may be considered that in the case of a small amount of filling, loss of the extract is increased.
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(a)

(b)

Fig.3. Dewatering rates of mangosteen pericarp obtained by DME extraction. (a) Different sample shape,
(b) Various filling amount.
3.2. Yield of Extract and Xanthones
The yield of extracted components and xanthones by DME extraction from powder sample and cube
sample with various filling amounts were investigated. The yield of extracted xanthones by DME and
ethanol extraction were shown in Table 1.
Table 1. Experimental condition with yield of extracted xanthones[mg/g_dry sample].
Extraction solvent
Sample type

Filling amount [g]
Various xanthones
3-Isomangostin
Mangostanol
8-Desoxygartanin
Gartanin
alpha-Mangostin
Garcinone E
9-Hydroxycalabaxanthone
beta-Mangostin

cube
wet
6
0.268
0.574
5.500
0.794
33.322
1.065
0.829
0.471

DME
Ethanol
powder powder powder powder powder
wet
wet
wet
wet
dry
6
3
1
1
1
0.490
1.098
6.319
2.073
42.885
1.778
1.141
0.693

0.486
0.828
6.815
2.420
40.783
1.359
1.062
0.722

2.958
1.776
25.144
7.973
17.453
5.056
4.222
2.805

5.668
1.089
41.140
2.126
0.499
0.773

0.736
0.731
11.479
3.971
59.657
1.851
1.330
0.889

Figures 4 and 5 show the yields of extracted components and alpha-mangostin as xanthone derived
compounds. In the case of cube sample, the yields of extracted components and alpha-mangostin were
lower than powder samples even though it had almost the same yield of water. There are possible reasons
that the water does not act as a co-solvent because the solubility of xanthone in water is low [26]. Therefore,
it can be considered that preferentially water has been extracted. However, the cube type allows to recover
alpha-mangostin of 33.3 mg/g_dry sample (about 80% of the powder sample) without milling. Cube type
has advantages during the extraction such as to avoid the milling process and it can be easily handling of
the sample. On the other hand, in the case of extraction using various filling amount, similar tendency as
the extraction of water was obtained. At 6 and 3 g sample loaded, almost the same amount of extracts and
alpha-mangostin are obtained. However, the lowest yield was extracted at 1 g sample loaded. Similar results
were also found in the water extraction. The loss of the extract increased when the small amount of sample
was loaded in the extractor.
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The maximum recovered of alpha-magostin could approach to 45 mg/g-sample from 6 g powder
sample. It is corresponding to about 104 % of the ethanol extraction with wet mangosteen pericarp, and
72% of the dried sample.

(a)

(b)

Fig. 4. Amount of extracts from mangosteen pericarp by DME extraction. (a) Different sample shape,
(b) Various filling amount.

(a)

(b)

Fig.5. Amount of extracted alpha-mangostin from mangosteen pericarp by DME extraction. (a) Different
sample shape, (b) Various filling amount.
4. Conclusion
In this work, the liquefied DME extraction method was verified that can be used to extract water, extract
and xanthone from the wet mangosteen pericarp. Final extracted yield of water from the cube sample was
almost equal compared with the powder type (0.8 g/g_initial water). However, in the case of powder
sample, extraction equilibrium has been nearly reached in the initial stage. The different of water yield
seemed depend on the filling amount of sample. The small amount of filling resulted the loss of the extract
increased. The highest yield of extract (0.14 g/g_dry sample) and alpha-mangostin (42.9 mg/g_dry sample)
were obtained with a powder sample of 6 g filling amount.
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