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Introduction

Extraction is important for the quality and quantity of 
bioactive components in medicinal plant extracts. It 
separates compounds from the cellular matrix, and 
exhaustive extraction should be performed. Ideally, the 
extraction method should be simple, rapid, and inexpen-
sive for routine analysis (Benthin et al., 1999; Ong, 2004).

Mangosteen (Garcinia mangostana Linn.) is a tropi-
cal plant in the family Guttiferae. The fruit of this plant 
is known as the “queen of fruits” due to its delicious 
flavor. It is not commonly grown in the Tropics, but 
is gaining in popularity because of its high economic 

value. The fruit rind of mangosteen has been used as a 
dyeing agent, and traditional medicine for antidiarrhea, 
antidysentery, and treatment of wounds (Gritsanapan & 
Chulasiri, 1983). It is reported to contain several groups 
of phenolic compounds such as tannins, flavonoids, and 
xanthones, supporting its traditional uses (Fransworth 
& Bunyapraphatsara, 1992; Yu et  al., 2007). A major 
xanthone in the fruit rind is -mangostin (Walker, 2007).

Biological activity studies have shown that  
G. mangostana promotes antiinflammatory, antican-
cer, antimicrobial, and antioxidant properties (Iinuma 
et  al., 1996; Nakatani et  al., 2002; Moongkarndi et  al., 
2004; Chomnawang et  al., 2005). Mangosteen fruit 
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Abstract
The ethanol extracts of mangosteen fruit rinds prepared by several extraction methods were examined 
for their contents of bioactive compounds, DPPH-scavenging activity, and anti-acne producing bacteria 
against Propionibacterium acnes and Staphylococcus epidermidis. The dried powder of the fruit rind was 
extracted with 95% ethanol by maceration, percolation, Soxhlet extraction, ultrasonic extraction, and 
extraction using a magnetic stirrer. Soxhlet extraction promoted the maximum contents of crude extract 
(26.60% dry weight) and α-mangostin (13.51%, w/w of crude extract), and also gave the highest anti-acne 
activity with MIC 7.81 and 15.63 μg/mL and MBC 15.53 and 31.25 μg/mL against P. acnes and S. epidermidis, 
respectively. Ethanol 70% and 50% (v/v) were also compared in Soxhlet extraction. Ethanol 50% promoted 
the extract with maximum amounts of total phenolic compounds (26.96 g gallic acid equivalents/100 g 
extract) and total tannins (46.83 g tannic acid equivalents/100 g extract), and also exhibited the most effec-
tive DPPH-scavenging activity (EC50 12.84 μg/mL). Considering various factors involved in the process, 
Soxhlet extraction carried a low cost in terms of reagents and extraction time. It appears to be the recom-
mended extraction method for mangosteen fruit rind. Ethanol 50% should be the appropriate solvent for 
extracting free radical-scavenging components, phenolic compounds, and tannins, while 95% ethanol is 
recommended for extraction of α-mangostin, a major anti-acne component from this plant.
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tannin
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extract is popularly used as a food supplement due to 
its antioxidant activity, while the extract from the fruit 
rind, promoting antibacterial properties, has been rec-
ommended for the treatment of acne vulgaris (Kumar 
et al., 2008). Recently, G. mangostana fruit rind extract 
has become popular, used as a dietary supplement, 
herbal medicine, and cosmetic combinant. The biologi-
cal quality of mangosteen-derived products is based 
on the contents of -mangostin, tannins, and other 
phenolic compounds. It is important to determine the 
appropriate extraction method producing the extract 
with a high yield of these compounds and promoting 
high biological activities. Thus, this work compared 
free radical-scavenging and anti-acne activities, and 
contents of total phenolic compounds, tannins, and 
-mangostin in the ethanol extracts of mangosteen fruit 
rinds were prepared using several extraction methods, 
including maceration, percolation, Soxhlet extraction, 
ultrasonic extraction, and extraction using a magnetic 
stirrer. The appropriate method can then be selected 
for the extraction of G. mangostana fruit rind for further 
standardization and use in commercial production.

Materials and methods

Chemicals

-Mangostin was purchased from ChromaDex Inc. 
(Santa Ana, CA). 1, 1-Diphenyl-2-picrylhydrazyl (DPPH)  
radical was obtained from Sigma-Aldrich (St. Louis, 
MO, USA). Folin–Ciocalteu reagent, bovine serum 
albumin, and ferric chloride were obtained from Fluka 
Biochemika (Steinheim, Germany). Sodium dodecyl-
sulfate, sodium chloride, and sodium bicarbonate 
were purchased from Ajax Finechem (Molecule Co. 
Ltd., Thailand). Gallic acid was purchased from Merck 
(Darmstadt, Germany). Tannic acid was purchased 
from May and Baker Chemical Laboratory (Dagenham, 
England). The other chemicals and solvents were 
analytical grade or high performance liquid chromatog-
raphy (HPLC) grade, and were purchased from Labscan 
Asia (Bangkok, Thailand), except for 95% ethanol which 
was obtained from the Excise Department, Bangkok, 
Thailand and was distilled before use.

Microorganisms and media

The test organisms used in this study were 
Propionibacterium acnes (ATCC 6919) and 
Staphylococcus epidermidis (ATCC 14990). These bac-
teria were obtained from the American Type Culture 
Collection, USA. Brain–heart infusion (BHI) and 
tryptic soy broth (TSB) were purchased from Difco 
(Detroit, USA).

Plant material

The ripe fruits of G. mangostana were purchased from 
a local market in Bangkok, Thailand in June 2006. The 
samples were identified by Dr. W. Gritsanapan at the 
Faculty of Pharmacy, Mahidol University (Bangkok, 
Thailand). Voucher specimens (WGM1406) were depos-
ited at the Department of Pharmacognosy, Faculty of 
Pharmacy, Mahidol University, Bangkok, Thailand.

The fresh fruits were cleaned and the edible aril parts 
were removed. The fruit rinds were cut into small pieces 
and dried in a hot oven at 50°C for 72 h. The dried sam-
ples were ground into powder, and passed through a 
sieve (20 mesh). The powdered samples were kept in air-
tight containers and protected from light until used.

Extraction methods

Several extraction methods were done using 95% (v/v) 
ethanol as a solvent, except for Soxhlet extraction in 
which 95, 70, and 50% (v/v) ethanol were used. Each 
method was performed in triplicate.

Maceration (ME 95)
The dried powder (10 g) was macerated with 95% 
ethanol (100 mL) at room temperature for 10 days with 
occasional shaking. The mixture was filtered through 
a Whatman No. 1 filter paper. Other portions of sol-
vent were added to the marc and the extraction was 
repeated until exhaustion (100 mL × 10) (the last extract 
was colorless and no spot was detected on thin layer 
chromatography (TLC)).

Percolation (PE 95)
The dried powder (10 g) was mixed with 95% ethanol 
(10 mL) and the mixture was allowed to stand for 1 h. The 
mixture was transferred to a percolator and 95% ethanol 
was added (3.6 L). The extraction was done at room tem-
perature with flow rate 3 mL/min until the percolate was 
exhausted (20 h).

Extraction with magnetic stirrer (EMS 95)
The powder (10 g) was extracted at room temperature 
(28–30°C) with 95% ethanol (100 mL each) in a 250 mL 
flask for 1 h using a magnetic stirrer with speed of 
500 rpm. The extraction was repeated (10 times) until 
exhaustion. The total extraction time was 10 h (1 h × 10).

Ultrasonic extraction (UE 95)
This was carried out by extracting 10 g of the dried fruit 
rind powder with 95% ethanol (100 mL) in an ultrasonic 
apparatus. The temperature of the water in the water 
bath was controlled at 30°C by changing the water every 
30 min until the extraction was exhausted. The total 
extraction time was 10 h (1 h × 10).
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Soxhlet extraction (SE 95, SE 70, SE 50)
The sample (10 g) was placed into a thimble and was 
separately extracted with 400 mL of 50, 70, and 95% 
ethanol. Extraction was carried out at five cycles/h until 
exhaustion (15 h).

The combined extract of each extraction method was 
filtered through a Whatman No. 1 filter paper. The fil-
trate was concentrated under reduced pressured at 50°C 
using a rotary vacuum evaporator. The crude extract was 
then evaporated on a boiling water bath until a constant 
weight was obtained.

Determination of total phenolic compounds content

The content of total phenolic compounds was deter-
mined using the method adapted by Kim et al. (2006). 
Each sample (1 mg/mL) of 0.2 mL was mixed with 
0.5 mL of Folin–Ciocalteu reagent (diluted 1:10 with 
deionized water) and 0.8 mL of sodium bicarbonate 
solution (7.5%, w/v). The mixture was allowed to stand 
at room temperature for 30 min with intermittent shak-
ing. The absorbance of the mixture was measured at 
765 nm using an ultraviolet (UV)-visible spectropho-
tometer (PerkinElmer, USA). Different concentrations 
of standard gallic acid (10–100 g/mL) were used to 
obtain a standard curve. The total phenolic content was 
expressed as gallic acid equivalents (GAE) in grams per 
100 g of sample.

Determination of total tannins content

The method for determination of total tannins  
content was adapted from Hagerman and Butler 
(1978). Bovine serum albumin (2 mL) was put into 
a centrifuge tube; the sample solution (1 mL) was 
added and mixed immediately.The reaction mixture 
was kept for 20 min at room temperature, then cen-
trifuged (Kubota, Japan) for 15 min at 3500 rpm and 
the supernatant rinsed off. The remaining part was 
dissolved with 4 mL of sodium dodecylsulfate and 
triethanolamine.Ferric chloride (1 mL) was added 
and the mixture was shaken vigorously. The mixture 
was then incubated again for 15 min. The absorbance 
of the mixture was measured at 510 nm. The total tan-
nins content was determined using a standard curve 
of tannic acid (200–900 g/mL). The content was 
then calculated as mean ± SD (n = 3) and expressed 
as grams of tannic acid equivalents (TAE)/100 g of 
extract.

Determination of -mangostin content by HPLC 
method

The HPLC method was performed on a Shimadzu 
SCL-10A HPLC system, equipped with a model LC-10AD 

pump, UV-vis detector SPD-10A, and Rheodyne injec-
tor fitted with a 20 L loop and auto injector SIL-10A. 
A Hypersil® BDS C18 column (250 × 4. 6 mm, 5 m size) 
with a C18 guard column was used. The elution was 
carried out with gradient solvent systems with a flow rate 
of 1 mL/min at ambient temperature. The mobile phase 
consisted of 0.1% (v/v) ortho-phosphoric acid (A) and 
acetonitrile (B). The mobile phase was prepared daily, 
filtered through a 0.45 m pore size filter, and sonicated 
before use. Total running time was 37 min and the gradi-
ent program was as follows: 70% B for 0–15 min, 70–75% 
B for 3 min, 75–80% B for 1 min, constant at 80% B for 
6 min, 80–70% B for 1 min, and 11 min post-running 
for reconditioning. The sample injection volume was 
10 L. The wavelength of the UV-vis detector was set at 
320 nm. Quantitative determination was performed by 
the CLASS-VP software program using the external cali-
bration method.

A stock solution of -mangostin was prepared in 
methanol at 1000 g/mL. Standard solutions were pre-
pared by diluting the stock solution with methanol to 
give the concentration range of 10–200 g/mL.

For sample preparation, 25 mg of dried extract was 
dissolved in methanol and the volume was adjusted to 
25 mL in a volumetric flask (concentration 1 mg/mL). An 
aliquot of this solution (2.5 mL) was diluted with metha-
nol to make a final concentration of 250 g/mL. Prior to 
analysis, the solutions were filtered through a 0.45 m 
membrane filter. Mangostin in the sample was quantita-
tively analyzed by HPLC using the previous mentioned 
conditions.

Determination of scavenging activity using 
DPPH-scavenging assay

A stock solution of the sample (5 mg/mL) was diluted to 
make a two-fold dilution series. The DPPH-scavenging 
reaction was performed when DPPH solution (152 M) 
was added to the sample solution in the same volume 
(750 L). An aliquot of the mixture was measured for 
absorbance at 517 nm after 30 min of the reaction by a 
UV-visible spectrophotometer (PerkinElmer, USA). The 
corresponding blank readings were also taken, and per-
cent inhibition was then calculated as follows:

% = − / ×Inhibition A A A 100blank sample blank 

where A
blank

 is the absorbance of the control reaction 
(containing all reagents except the test compound), and 
A

sample
 is the absorbance of the test compound. The EC

50
 

value, the concentration of sample required for 50% scav-
enging of the DPPH free radical, was determined from 
the curve of percent scavenging plotted against concen-
tration. Each determination was carried out in triplicate, 
and the average EC

50
 value was then calculated.
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Antibacterial susceptibility test

P. acnes was incubated in BHI medium for 72 h at 37°C 
under anaerobic conditions, while S. epidermidis was 
incubated in TSB for 24 h at 37°C under aerobic condi-
tions, and adjusted to yield approximately 108 CFU/mL.

Minimal inhibitory concentration (MIC) values 
were determined by two-fold serial microdilution assay 
(NCCLS, 2008). The extracts were incorporated into 
media to obtain a concentration of 1000 g/mL and seri-
ally diluted to achieve 500, 250, 125, 62.50, 31.25, 15.63, 
7.81, 3.91, 1.95, 0.98, 0.49, and 0.24 g/mL, respectively. 
A standardized suspension (10 L) of each tested organ-
ism was transferred to each well.

The broth cultures of S. epidermidis and P. acnes were 
incubated for 24 and 72 h, respectively. The MIC, defined 
as the lowest concentration of compound that inhibits 
the microorganism, was determined. The minimal bac-
tericidal concentration (MBC), defined as the lowest 
concentration of compound that kills the microorgan-
ism, was recorded. This gave the lowest concentration 
of compound that showed no visible growth after sub-
culture of each clear well onto a new plate containing 
suitable media.

Statistical analysis

Each experiment was done in triplicate. The results are 
expressed as mean and standard deviation (SD). The 
average data for the content of each bioactive compound 
and EC

50
 of each extract prepared by the different extrac-

tion methods were statistically analyzed using one-way 
analysis of variance (ANOVA) with least significant 
difference (LSD) by SPSS 11.5 program. A statistical 
probability (p value) less than 0.05 indicated a statisti-
cally significant difference between groups.

Results and discussion

The yields of crude extracts of G. mangostana fruit 
rind prepared by different extraction methods, along 
with the contents of -mangostin, total phenolic 
compounds, and total tannins, and free radical-
scavenging and antibacterial activities, are shown 
in Table 1. Results showed that ME and SE extracts 
exhibited the strongest DPPH-scavenging activity 
(EC

50
: 14.88–12.84 g/mL). Among them, SE 70 and SE 

50, which contained high amounts of total tannins and 
phenolic compounds, promoted better scavenging 
activity (13.39 and 12.84 g/mL) than the 95% ethanol 
extract (14.88 g/mL), surely due to the well-known, 
good antioxidant properties of their components (Goli 
et al., 2005; Gu et al., 2008). Interestingly, SE 50, which 
displayed the best activity, gave the highest yield of 
crude extract (31.52%).

In turn, SE 95 showed the strongest bacteriostatic and 
bactericidal activity against P. acnes (7.81/15.63 g/mL).  
This action could be attributed at first glance to the 
higher content of -mangostin of SE 95 (13.51 ± 0.03%). 
Nevertheless, it is clear that the amount of this com-
pound is similar to that of ME 95 (13.32 ± 0.15%), 
which displayed a lower activity (15.63/31.25 g/mL) 
against P. acnes. So, the activity of ME 95 can hardly 
be attributed to this xanthone derivative, but it is 
possible that SE 95, as a whole, possesses compounds 
in the appropriate ratios to display the best activity. 
Mangostin was reported previously as the compound 
responsible for the activity of G. mangostana against 
P. acnes (Chomnawang et  al., 2005). Nevertheless, 
results are not easily comparable, since the part of the 
plant and the solvent used were not reported from the  
previous study.

Table 1.  Contents of bioactive compounds in G. mangostana fruit rind extracts prepared by different extraction methods and their free  
radical-scavenging and antibacterial activities against P. acne and S. epidermidis.

Extraction 
method

Time (h)/
amount of 
solvent (L)

Yield of extract* 
(% dry weight)

-Mangostin 
content in 
extract* (% 

w/w)

Total phenolics* 
(g GAE/100 g 

extract)

Total tannins* 
(g TAE/100 g 

extract)

DPPH-scavenging 
activity*, EC

50
  

(g/mL)

Susceptibility of bacteria 
to G. mangostana fruit rind 

extracts*, MIC/MBC (g/mL)

P. acnes S. epidermidis

ME 95 240/1.0 24.04 ± 1.35d 13.32 ± 0.15a 24.31 ± 0.08b 39.52 ± 0.35d 14.24 ± 0.69b 15.63/31.25 15.63/31.25

PE 95 20/3.6 24.81 ± 0.04cd 12.71 ± 0.22b 22.44 ± 0.01c 36.64 ± 0.35e 15.07 ± 0.08c 15.63/31.25 15.63/31.25

EMS 95 10/1.0 24.24 ± 0.48d 11.47 ± 0.27c 19.90 ± 0.04d 27.30 ± 0.41g 19.55 ± 0.06d 15.63/15.63 15.63/31.25

UE 95 10/1.0 25.75 ± 0.30cd 10.14 ± 0.15d 20.72 ± 0.02d 34.23 ± 0.79f 19.25 ± 0.01d 15.63/15.63 15.63/31.25

SE 95 15/0.4 26.60 ± 1.05bc 13.51 ± 0.03a 24.83 ± 0.01b 41.94 ± 0.44c 14.88 ± 0.06bc 7.81/15.63 15.63/31.25

SE 70 15/0.4 27.90 ± 1.18b 10.15 ± 0.74d 26.88 ± 1.14a 43.12 ± 0.21b 13.39 ± 0.55a 15.63/15.63 15.63/125.00

SE 50 15/0.4 31.52 ± 0.76a 9.02 ± 0.11e 26.96 ± 0.91a 46.83 ± 0.24a 12.84 ± 0.08a 15.63/15.63 15.63/125.00

Different letters (a, b, c,…) in the same column indicate significantly different at p < 0.05 using one-way ANOVA; *each experiment was done in 
triplicate.
ME 95, maceration with 95% ethanol; PE 95, percolation with 95% ethanol; EMS 95, extraction with magnetic stirrer using 95% ethanol; UE 95, 
ultrasonic extraction with 95% ethanol; SE 95, Soxhlet extraction with 95% ethanol; SE 70, Soxhlet extraction with 70% ethanol; SE 50, Soxhlet 
extraction with 50% ethanol.
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Conclusions

From this study, the Soxhlet extraction method of  
G. mangostana fruit rinds with 50% ethanol gave the 
highest yields of crude extract, total phenolic com-
pounds, and total tannins. In addition, it promoted 
the highest free radical-scavenging activity with the 
DPPH radical. By the same extraction method, the 
95% ethanol extract exhibited the strongest activity 
against P. acnes. Therefore, Soxhlet extraction with 50 
and 95% ethanol is recommended as the extraction 
method for high antioxidant and anti-acne activities of  
G. mangostana fruit rinds, respectively.
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