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Abstract

The efficiency of three different techniques (stirring, ultrasonication and Soxhlet

extractbns) and two solvents (methanol and ethanol) were intensively evaluated for extraction

of o-mangostin in mangosteen (Garcinia mangostana L.) pericarps. When compared with the

other techniques, Soxhlet extraction showed good results with both methanol and ethanol. The

extracti(,n yield of c-mangostin obtained by Soxhlet extraction with methanol was the highest,

whereati the lowest yield of c,-mangostin obtained by ultrasonication with ethanol was revealed.
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Therefore, Soxhlet extraction using methanol as solvent is considered as an alternative

technique for obtar ,ing the bioactive cr-mangostin with high concentration from mangosteen

pericarp extracts arJ products. Furthermore, the simple, rapid, and specific high performance

liquid chromatograp:,y (HPLC) method has been established and validated for identification and

quantification of q. mangostin from mangosteen pericarp extracts under various extraction

conditions. The dereloped method was found to be satisfactory Iinearity, precision and

accuracy for quality assessment.

Kelrwords: o-mangrstin, mangosteen pericarp extract, method validation, stirring, ultrasonic,

Soxhlet extraction

Introducion

The pericar: of the mangosteen

fruit, Garcinia manlostana L., has a long

history of several nedicinal purposes for

treatment of dyse rtery, skin infections,

urinary disorders, c ,stitis and gononheal-3.

c-Mangostin, a xan hone derivative, is one

of the main : ctive ingredients in

mangosteen pericar r' that has been found

to exhibit a wi le range of health

promotingproperties and pharmacological

effects: antioxidar,2's'6, anti-inflammatory,7

antibactenal activity'8, anticancer activitye'''

and immunomodu rtory'o, Due to its

remarkable medicir al benefits, products

containing mangos een pericarp extracts

are now distributed ncreasingly all over the

world and have tril gered more and more

attention in recent y, ars.

Each of the technique has its own

advantages and th; choice of extraction

technique depends on several factors

including sample r latrix, operating cost,

simplicity of operatio r, etc. Various solrrents

DOI

extracrtion technioues such as soxhlettt-t'

ru""rationtotu and ultrasonicationli, wittr

different solvents (methanolt', ethanol'', 7$lo

a".tonetutt, ethyl acetatell etc.) have been

cornmonly used for extmcting Cl-mangostin

from mangosteen pericarps. Horyever, none of

these studies had irvestigated the effect of

various solvents and exbaclion t€chniques on

the yield of Ct-mangostin which were

condw,ted on one homogenous sample

obtained by grinding mangosteen pericarps

procured from a single source. Furthermore,

the evaluation of the extraction methods and

so{vents has not been finalized. In addition.

previous studiesa shovved some drawbacks of

quantification of q,-mangostin due to long

retention perircd and complicated solvents

used.

This study specifically focused on

residual sources, mangosleen pericarps,

which are the waste oarts from

consumption and food industry. Not only

the method but also th€ solvent influences

the extraction results. Three different
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extraction techniques and two solvents for

the extraction of main bioactive Ct-

mangor;tin from mangosteen pericarps were

used. 'l"he results indicated the efiiciency ol

extraction technique and the solvent for

optimal extraction. Furthermore, the

development of a fast, simple and

quantitative analysis method for the

determination of Ct-mangostin was carried

out on mangosteen pericarp extract.

Methods

Plants materials and Chemicals

Ripe Mangosteens (G. mangostana

L") wer,a obtained during August-Sept€mber

2012 fiom local markets in Samutprakarn

provinca, Thailand. cr,-Mangostin standard

was purcfnsed from Sigma-Aldric*r (Singapore).

Methanol, ethanol, dichloromethane and n-

hexane (Merck Company, Germany) used

for mangosteen pericarp extraction were of

analytical grade solvents. Methanol,

acetonilrile, formic acid and orthophosphoric

acid for HPLC analysis were obtained from

Merck Oompany (Germany).

Sample. preparation

Mangosteens were peeled off to

obtain mangosteen pericarps, which were

chopped into small pieces and dried at 5O'C.

The dried mangosteen pericarps were ground

into coarce powder and stored in a dry place

before the extraction process started.
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Comparison of extraction techniques and

solvents

The dried mangosteen pericarp

powder (5 g) was accurately weighed and

extracted by using three different methods:

stining, ultrasonication arrd soxhlet extraction.

Each extraction method was canied out using

150 mL of difierent single extraction solvent

(methanol and ethanol) and extraction time of

t h. All extractions were carried out in

triplicate.

For the stirring and ultrasonication

extraction technique, the process was

canied out by placing extraction flask on a

magnetic stirrer (Heidolph" MR300'1, hot

plate magnetic stirrer, Germany) and in an

ultrasonic bath (Branson@ 2510, Ultrasonic

Corporation, USA), respectively.

For Soxhlet extraction. the dried

plant powder was placed in a thimble inside

Soxhlet extfaction apparatus, which was

fitted with a 250 mL round bottom flask. The

extraction was carried out at a boiling point

of each extraction solvent approximately 4

rycles/tr. The extraction time started after the

condensed extractant dripped onto the plant

Dol roer.

After extraction. the crud€ extacts

from each technique and solvent were then

filtered through fllter paper and removed

solvent under reduced pressure by using

rotary evaporator (Buchio, R-215, Rotavapor,

Swi2erland) at 45'C. The residue was
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suspended in water to produce an aqueous

solutjon and then p r(itroned in turn with n-

hexane and dichlo,omethane to afford n-

hexane and dic,loromethane extracts,

respectively. The lichloromethane extract

was found to have .I-mangostjn and then it

was selected for fur'rer analysis. After that,

the solvent (dichlorc methane) was removed

with vacuum rotary evaporator under the

reduced pressure a 40'C and the residue

was dissolved in 10 nL of methanol. The Ct-

mangostin profiles in extracts were

quantitatively analys :d by a HPLC method.

Comparison of ext action techniques and

solvents was achiev:d by comparing HPLC

peak areas and the quantitative calibrations

were made accordin; to the linear calibration

curves of standard.

Optimisation of rhe chromatographic

condition

Before select'rg the condition for the

optimisation, a nunr )er of preliminary trials

were conducted witi, different mixtures and

ratios of solvents. Formic acid / o(ho-

phosphoric acid, ,,rater and acetonitrile

mixtures are most often chosen as an

eluenta't7. Dfferent,:oncentrations of water

and acetonitrile wer: tested to achieve the

best resolution of ex:mined analytes.

High performance,iquid chromatography

(HPLC) analysis

The mango:teen pericarp extracts

from all extraction procedures and two

DOt
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different extraction solvents were analysed

using Finnigan modular LC system which

was composed of a Model P40O0 dual

pump equipped with a Rheodyne 7725i

injector linked to a 20 UL loop and a Model

UV 6000 photodiode array detector. A

Phenomenex C18 column (250 x 4.6 mm

1.D., particle size 10 pm) was used for

chromatographic separations. The

chromatographic data obtained by a PC

(Professional Component) system, and a

software ChromQuest from Thermo Fisher

Scientific was used to acquife and process

the data. The analysis was conducted at an

ambient temperature, flow rate of 1 mUmin

with UV detection at 320 nm. Triolicate

HPLC analyses of each extract were

carried out. The mobile phase consisted of

two eluents: water and acetonitrile. Gradient

elution was needed for complete separation

of the analysis. The most appropriate

gradient elution program was maintained at

40% acetonitrile for 5 minutes. then.

increased to 90 oercent in 5 minutes and

held at 90 percent for another 5 minutes. At

the end, the system was set to increase

acetonitrile from 90 to 100 oercent within 1

minute, holding these conditions for 9

minutes and then returned to the original

condition. Total run time was 20 minutes.

The standard solution of Ct-

mangostin in methanol was prepared and

used as a stock solution for generating a

calibration curve. The c[-mangostin stock
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solutions were then subsequentially diluted

with nrethanol to provide a series of

working standard solutions in the

concentration range of 0.02 - 0.10 mg/mL

and anElysed in triplicate using the above

analytical method. Calibration curve was

generated by linear regression based on

p€ak areas. The identification of the

separatr)d compounds in mangosteen

extracls was assigned by a comparison of

retentiolr times, UV spectra and co-

chromatogram with authentic standards.

Quantification was carried out by an

integration of the peak areas using the

external standard method. Calibration curve

showed good linear relationships. The

extracted samples obtained from various

extractic'n procedures wer€ quantitatively

analyse{l one by one. The best extraction

solvent and technique was then selected for

a validation test.

Validati,on of the analytical method

llangosteen pericarp extract

obtained by methanol - Soxhlet extraction

method described above (sample A) was

used fol validation study. The method was

validate<l according to the USP38 NF33

<1225>20 for specificity, accuracy, precision

and linearity.

Specificity

1'he specificity was carried out by

the analysis of standard Ct-mangostin and

sample A spiked with standard C[- mangostin.

DOI

TBPS 10(2);2015:1-11

The specificity was then evaluated by

comparing the retention times of Ct-

mangostin in the chromatogram of the

sample A solution with those in the

chromatogram of the standard solution.

Peak purity was also evaluated by the

photodiode array detection.

Accuracy and precision

The accuracy of the method was

evaluated by recovery assay at three levels

of standard q-mangostin solution (0.03,

0.04 and 0.05 mg/ml) added to the pre-

analysed sample A and analysed

quantitatively in triplicate by the proposed

HPLC m6thod. The average recovery and

% relative standard deviation (RSD) were

calculated. To assess the precision of the

proposed method, six replicates of the

sample A were determined on the same day

(intraday precision) and on five consecutive

days (interday precision).

Linearityr

The linearity was determined by using

five concentrations of standard Ct-

mangostin solution in the range of 0.02-

0.10 mg/mL (n=3). The calibration curve

was constructed by plotting the peak area

versus the concentration of standard

solutions and subjected to the linear least-

squar€ regression analysis to calculate the

calibration equation and correlation

coefiicient.
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Statistical analysis

All report di ta were subjected to

analyses of variance (ANOVA, CL:0.05) and

Scheffe using a Sta istical Package for the

Social Sciences sofl.rare (SPSS version 16

for windows from SPSS Inc., Chicago,

lllinois, USA).

Results and Discus;ion

ldentification of Cl-mangostin in

mangosteen peri. arp extracts from

various extractio I techniques and

solvents by HPLC

The HPLC chromatogram of

mangosteen pericar,r extracts from each

extraction method anri solvent shorved similar

TBPS 10(2):2015:1-11

xanthone profiles. The representative HPLC

chromatograms of the Ct-mangostin

standard and mangosteen extract are

presenled in flgure 1. The optimised HPLC

condition was achieved after determination

of Cl,-mangostin with different combinations

of acetonitrile and water. The use of a

Phenomenex C18 column with gradient

elution consisted of acetonitrile and water

as binary mobile phase, resulted in a good

resolution and short analysis time of Ct-

mangostin at the retention time less than 13

minutes. The overall separation was

completed within 20 minutes per I sample

which was considerably more rapid than the

previous described method21.

I ; ! : , ,-
I,liii

iti
: li: il t I i

.-'*1- i-' -'- *l-

values were comoared to determine the

suitable method and solvent with the

highest extraction efficiency.

The results of quantitative analysis

revealed that both solvent and extraction

method are significant factors affecting C[-

mangostin contents (p<0.05). Table 1

depicted the highest yield of crude extract

and d,-mangostin obtained by Soxhlet

Figure I Repres,,ntative HPLC fingerprints: (a) standard 0-mangostin (b) extract A from

mangosteen pericarp.

Effect of different e! traction methods and

solvents on q-mang ostin contents

The results rom the extraction of

mangosteen pericarl using three different

techniques (stirring ultrasonication and

Soxhlet) and tw' different solvents

(methanol and etha rol) were investigated

on the yield of c ude extract and Ct-

mangostin content (Table 1). The extractive

DOr
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extraction using methanol as solvent, which

showed the amount of 11.57 t 0.30 % dry

weight and 3.74 t 0.34 mg/g, respectively.

Ultfasonic technique with ethanol provided

th6 lowest yield of q,-mangostin (0.65 r
0.14 mg/g) but the medium yield of cruda

extract (4.29 ! O.52 o/.dry weight). The

stirring mothod with ethanol gave the lowest

yield of crude extact al 2.27 r 0.06 okdry

weight and low (l-mangostin content at 0.89

i 0.06 mg/g. Soxhlet extraction afiording the

highest yield of C[-mangostin was probably

due to the result of repeated fresh solwnt

contact wih the satrple many times and

allow almost 100% aclive material recovery.

Stiring and ultasonication were signincantly

less efficient than the Soxhlet exkacton. This

may be due to tho extraction time of t hour

wtrich is insuffcient for a complete CL-

mangostin extraclion from the nEngostesn

pericarp and the solvent properties are less

relevant for the recovedes. Furthemre, it

TBPS 10(2):2015:1-11

was found that ultrasound enhanced the

degradation of phenolic compounds by

increasing their oxidationz- These results

might €use the lower O-rongostin

extraction yield. The xanthones in plant

extract are more often ass@iated with other

mlecules like proteins, polysccharides,

terpenes. chlorophyll and inorganic

mmpoundsF. Thus, it requirs suitable

solvents for the gxtraction of (l'mangostin

Literature daia snom that polar solvents such

as rethanol and ethanol haw been

commonly used for extraction of CL-

mngostin from mngostes pencarp and

enabled the process to extract hagh

concentraton of Cl-mangostintt't. Therefore

t|e impact of both oxtraction solwnts on the

assay of Clflangostin from mangosteen

pericarp was investigated. Results of t|e
present study indicated that rethanol was

obviously mre pq|rerful for quantitatiw

extraction of Cl-mangostin than ethanol.
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HPLC Metr od validation

ln the Present study, simPle

chromatog rphic condition for separation of

Ct-mangos n from mangosteen pericarp

extract us'rg HPLC was optimised. Th€

developsd method was found to be very

specific fo Cl-mangostin es no other co-

eluting peaK was detected (Figure 1-b). The

peak corr€sponding to o,-mangostin in the

sample w. s confirmed by comparing the

spectrum obtained by photodiode atray

detector, which was completely in

agreement with the standard. Furthermore,

the meth(d presents a linear response

between .,dded concentration and peaK

area for cl-mangostin in the sample:

therefore r should be considered speciflc.

The accur.cy of the method was evaluated

by spiking knom amounts of standard Ct-

mangostin into pre-analysed sample A. The

recovary rt three different levels of CL-

mangostin was 97.34, 95.50 and 100.73%

TBPS 1 0(2):201 5:1 -1 1

at concentration levels of 0.03,0.04 and

0.05 mg/mL, respectively (Table 2). The

obtained results of ct-mangostin had shown

recoveries between 90-107% within the

range of the Association of Official

Agricultural chemists (AOAC) guidelines?a 
e.

The intra-day and inter{ay precisions were

investigated by determining 0,-mangostin in

sample A six times per day and on live

consecutive days, respectively. The

precision experiment results were presented

as RSD values in Table 2 and indicated

lower than 2%, which were considered as a

satisfactory precision of the method,

complying with the evaluation criterion of

he AoAc guidelines2a25. The calibration

curue showed linearity within the range of

0.02 - 0.10 mg/mL with regression equation

of Y = 253.29x106 + 22,471.97 t:,ar

demonstrated the excellent correlation

coefiicient of 0.9970, as shown in Table 3

and Figure 2.

Table 1 Effect of difierent methods and solvents on yield of crude extract (%dry weight) and cl,-

mangostjn contents in mangosleen pericarP

Veld ot crude extract' oLilangostln content'

(%dry reight) (ms/S)

Table2 R, covery studies and precision ofq-mangostin by the proposed HPLC method

AccuracA (n=3) Precision (n=6)

Quar tity in Standard Found

sar rple added (mg/ml)

(m!/mL) (mg/mL)

Recovery

(%\

RSD

(%l

Intra-day lnter'day

RSD RSO

Stiding

Ultraeni€tion

Soxhlet exUaction

Metlranol

Ethanol

[4etl]anol

Ethanol

Methanol

Ethanol

3.41 r 0.08"

2.27 t o.(8"

9.43 r 0.20"

4.29 ! O.52"

1 1.57 t 0.30.'

7.60 r 0.14'.

252 r0.29"

0.89 i 0.06"

2.87 ! 0.34"

0.65 i 0.'14"

3.74 * 0.34"

1.69 r 0.09"

(%lt%)

0t4 0.03 0.0698

0.04 0.0786

0.05 0.0910

97.22 8.41

95.58 6.54

100.73 12.23

1.48 1.37

RSO = relative standard dsviation

' dp6d 6s man 1 standsd deviglion (S.D) of thre anslyrbl €di€t6 (n=3)

"Valu6 indietd signifEnt difioEn€ at p<0.05.
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Figure 2 Calibration curve of o,-mangostin standard concentlation ranging

from 0.02 to 0.10 mg/mL.

Table 3 Concentrations and peak ar€as of standard G-mangostin

Concentration

(mg /mL)

AveragePeak Area R2

n3

0.02

0.04

0.06

0.08

0.10

5693736

9714050

1483562

2026405

261 7849

0.9975420075 5499892

9947643 9999820

1467233 1460732

19939s8 1998182

2528365 2600659

5537901 0.0254

9972956 0.0026

1470509 0.0080

2006182 0.0088

258229'1 0.0184

Gonclusion

Screening of extraction power of

difierent solvents and tochniques, in terms

of the o-mangostin content, cleady

illustrated that the Soxhlet extraction using

methanol as solvent achisved the highest

yield. Th€ developad HPLC method tor

quantification of (l'mangostin was validated

and shown reliable, accurate, precise and

linear (in the conc€ntration range of 0.02 -

0.1 mg/mL).
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