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Abstract: Mangosteen, or Garcinia mangostana L., has merged as an emerging fruit to be investigated
due to its active compounds, especially xanthone derivatives such as α -mangostin (AM), γ-mangostin
(GM), and gartanin (GT). These compounds had been reported to exert some pharmacological activities,
such as antioxidant and anti-inflammatory, therefore, the development of an analytical method capable
of quantifying these compounds should be investigated. The aim of this study was to determine
the correlation between FTIR spectra and HPLC chromatogram, combined with chemometrics for
quantitative analysis of ethanolic extract of mangosteen. The ethanolic extract of mangosteen pericarp
was prepared using the maceration technique, and the obtained extract was subjected to measurement
using instruments of FTIR spectrophotometer at wavenumbers of 4000–650 cm−1 and HPLC, using a
PDA detector at 281 nm. The data acquired were subjected to chemometrics analysis of partial least
square (PLS) and principal component regression (PCR). The result showed that the wavenumber
regions of 3700–2700 cm−1 offered a reliable method for quantitative analysis of GM with coefficient
of determination (R2) 0.9573 in calibration and 0.8134 in validation models, along with RMSEC value
of 0.0487% and RMSEP value 0.120%. FTIR spectra using the second derivatives at wavenumber
3700–663 cm−1 with coefficient of determination (R2) >0.99 in calibration and validation models,
along with the lowest RMSEC value and RMSEP value, were used for quantitative analysis of GT and
AM, respectively. It can be concluded that FTIR spectra combined with multivariate are accurate and
precise for the analysis of xanthones.

Keywords: Garcinia mangostana L.; FTIR spectra; HPLC chromatogram; partial least square; principle
component regression

1. Introduction

Mangosteen is a fruit that is naturally found in South East Asia, especially Indonesia. Mangosteen is
one of the most delicious and sweet fruits, known as the “Queen of Fruit”. The fruit contains 6–10 aril
segments with various widths. The pericarp of mangosteen can be used as traditional medicine [1,2].
Mangosteen pericarp contains xanthone, one of the polyphenolics compounds. The major constituents
of xanthone derivatives in mangosteen pericarp are α-mangostin (AM) and γ-mangostin (GM) [3].
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The compound of AM is reported as the principal component of the species, with pharmacological
activities [4]. AM exhibits antioxidant, analgesic, anti-inflammatory, antifungal, and anthelmintic
properties [2]. The compounds of GM, AM, and gartanin (GT) have multifunctional activities against
Alzheimer’s disease, antioxidant activities, and are potent for neuroprotective effects [3]. The fact that
mangosteen pericarp is beneficial to human health makes it necessary to develop reliable analytical
methods for the extraction and analysis of those compounds.

Xanthones are the main active compounds isolated from Garcinia mangostana L. Xanthone in
mangosteen pericarp extract was essential for human health, because xanthone is the source of
antioxidants capable of preventing diseases; therefore, it can be used for traditional medicine [5].
Xanthones have a chemical structure composed of a tricyclic system (C6–C3–C6). The main xanthone
compounds present in mangosteen pericarp include AM, GT, GM, β -mangostin, isomangostin,
and garcinones [6]. Among these, AM, GT, and GM (Figure 1) are the most active components in
mangosteen pericarp. The method used for the quantification of xanthone contents in mangosteen is
HPLC [7,8]. Reverse-phase HPLC method for quantification was found to be rapid, selective, precise,
accurate, and have high sensitivity [7].
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The chemometrics of multivariate calibrations may be used effectively and efficiently to determine
the relationships between actual values of analytes, as determined by reference methods such as
HPLC and predicted values using the developed method (FTIR spectroscopy in this case). The most
commonly used of multivariate calibrations are partial least squares (PLS) and principal component
regression (PCR) [9]. The objective of this study was to determine the contents of AM, GT, and GM in
mangosteen, using HPLC and to correlate FTIR spectra and HPLC data for quantitative analysis of
xanthones using PLS and PCR.

2. Materials and Methods

The extract samples used in this study were ethanolic extracts of mangosteen pericarp.
The mangosteen pericarp was obtained from 7 regions in Sulawesi, Indonesia. The authentication of
mangosteen was performed in Faculty of Pharmacy, Universitas Hasanuddin, Makasar South Sulawesi,
Indonesia. The reference standards of α-mangostin, γ-mangostin and gartanin were purchased from
E. Merck (Darmstadt, Germany).

2.1. Sample Preparation

The mangosteen pericarp was cut into small pieces, and dried using an oven at a temperature of
40–50 ◦C. The dried mangosteen pericarp was powdered using a commercial blender. The powder
(approximately 100 g) was macerated by ethanol 96% and 70% for three days, using a macerating
technique with immediate shaking every day. The extract was filtered and evaporated using a vacuum
rotary evaporator at 60–80 ◦C.

2.2. HPLC Analysis of Xanthones

HPLC analysis of xanthones was performed according to Wittenauer et al. [10] Analysis of
xanthones was performed using Shimadzu Prominence HPLC system (Kyoto, Japan), equipped with
LC-20D pumps, SIL-20A autosampler, SPD M20A photo-diode array detector (PDA). Separation was
performed on C18 Shim-pack GIST column (Kyoto, Japan) 150× 4.6 mm, 5µm operated at a temperature
of 25 ◦C. The mobile phase consists of 2% acetic acid in water (eluent A) and 0.5% acetic acid in
acetonitrile (eluent B), using gradient programs as follows: 50–60% B (20 min), 60–70% B (35 min),
70–100% B (5 min), 100% B isocratic (3 min), 100–0% B (2 min), at a flow rate of 0.6 mL/min. The injection
volume was 8 µL for all samples. The total run time was 65 min. The xanthones compound was
monitored at 281 nm. For preparation of reference standard solutions, the stock solution ofα-mangostin,
γ-mangostin and gartanin was prepared at 1000 µg/mL in methanol HPLC grade. The solution was
diluted to obtain concentrations of 200, 180, 160, 140, 120, 100, 80µg/mL. For sample preparation, 100 mg
mangosteen pericarp extract was accurately weighed using analytical balance (Fujitsu FS-AR-210),
sonicated with 10 mL, with methanol at room temperature, filtered using 0.45 µm and injected in
HPLC systems.

2.3. Analysis of Extracts Using FTIR Spectrophotometer

The measurement of FTIR spectra was performed according to Rohman et al. [11]
FTIR Spectrophotometer (Thermo Scientific Nicolet iS10). The samples were analyzed with
FTIR-spectrophotometer Nicolet iS10 equipped with DTGS (deuterated triglycine sulfate) detector
and connected with OMNIC® software. The sample was directly placed on an ATR (attenuated
total reflectance) crystal at 20 ◦C. The measurements were recorded at a resolution of 4 cm−1 and
the number of scanning of 32 in the range of 4000–650 cm−1.

2.4. Data Analysis

The data were analyzed using multivariate calibrations of partial least square (PLS) and principle
component regression (PCR). PLS and PCR were used for correlation between actual values of xanthones,
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as determined using HPLC and predicted values using FTIR spectroscopy. The chemometrics of
multivariate calibrations is done by software TQ Analysis®version 9. Statistical parameters evaluated
were coefficient of determination (R2) for model accuracy as well as root mean square error of calibration
(RMSEC) and root mean square error of predicted (RMSEP), for precision evaluation.

3. Results

HPLC was used for quantitative analysis of AM, GM, and GT in ethanolic extracts of mangosteen.
HPLC was an accurate technique for the identification and reliable quantification of natural compounds,
because HPLC could be optimized to get the best optimization of separation [12]. AM, GM, and GT
in ethanolic extract of mangosteen pericarp were determined using HPLC with PDA detector at
wavelength 281 nm. The maximum absorbance of GT (281 nm) was used for detection [10]. Figure 2
showed the chromatogram of reference standards AM, GM, and GT. The retention times are 39.803,
51.494, and 53.075 min for GM, GT, and AM, respectively. The most prominent peak in chromatogram
was AM, followed by GM and GT.
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Figure 2. HPLC Chromatogram of reference standards (A) and samples of ethanolic extract of
mangosteen (B). For condition, see text.

The calibration curves constructed for the prediction of analytes was in the range of
105.6–237.6 µg/mL for GM, 80–200 µg/mL for GT and 96–240 µg/mL for AM. These concentration ranges
can provide a high coefficient of correlation (R-value). Each variation was injected into HPLC and the
coefficient of determination (R2) value for GM, GT, and AM 0.9868, 0.9918, and 0.9939 respectively,
as shown in Table 1. The concentrations of GM, GT, and AM were calculated using external standard,
by introducing peak area of samples into the calibration curve. The concentrations of GM, GT, and AM
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in mangosteen pericarp were shown in Table 2. AM revealed the highest concentrations of xanthones
in mangosteen pericarp, followed by GM and GT.

Table 1. Linearity for the quantitation of γ-mangostin (GM), gartanin (GT), and α-mangostin (AM).

Xanthone Compound Calibration Curve R2

γ-mangostin Y = 17469x − 594487 0.9868
Gartanin Y = 52802x − 2135535 0.9918

α-mangostin Y = 1752x − 439405 0.9939

x is the concentration of compound (µg/mL) and Y is peak area at 281 nm.

Table 2. Concentrations of γ-mangostin (GM), gartanin (GT), and α-mangostin (AM) in
mangosteen pericarp.

Sample
Concentrations (%wt/wt)

GM GT AM

Sample 1a 0.5437 0.3265 2.9907
Sample 1b 0.5142 0.3079 2.8324
Sample 2a 0.5277 0.2410 3.7292
Sample 2b 0.2741 0.1698 1.5461
Sample 3a 0.4771 0.5540 10.7100
Sample 3b 0.7831 0.4484 6.9412
Sample 4a 0.7713 0.2561 3.0776
Sample 4b 0.7020 0.2383 2.7924
Sample 5a 0.4978 0.2841 3.8587
Sample 5b 0.3324 0.2103 2.1826
Sample 6a 0.4280 0.1595 1.0838
Sample 6b 0.3728 0.1475 0.8915
Sample 7a 0.9623 0.4715 5.1033
Sample 7b 0.8598 0.3911 4.1493
Sample 8a 0.1330 0.1212 0.2946
Sample 8b 0.1281 0.1197 0.2656
Sample 9a 0.3306 0.1898 1.2509
Sample 9b 0.3226 0.1910 1.2316
Sample 10a 0.1859 0.1230 0.3255
Sample 10b 0.5296 0.1280 1.1244
Sample 11a 0.7273 0.2210 2.0292
Sample 11b 0.7368 0.2189 1.9711
Sample 12a 0.1865 0.1516 0.6420
Sample 12b 0.2425 0.1922 1.0789
Sample 13a 0.8292 0.2978 5.4887
Sample 13b 0.7295 0.2760 4.8279
Sample 14a 0.6495 0.2137 2.6943
Sample 14b 0.7006 0.2223 2.9453

a and b were obtained from same location.

FTIR spectra of mangosteen pericarp extract were shown in Figure 3. In this study, the analysis
of GM, GT, and AM compounds using FTIR spectrophotometry was performed at wavenumber
4000–650 cm−1 and scanned in the absorbance form. For interpretation FTIR spectra of mangosteen
pericarp extract, the absorption band at (a) 3317 cm−1 is stretching vibration of hydrogen bonded (–OH),
while bands at (b) 2953 cm−1 and (c) 2922 cm−1 correspond to asymmetric stretching vibration of methyl
(CH3), asymmetric stretching vibration of methylene (CH2–) groups, respectively. The bands at (d)
1760 cm−1 and (e) 1741 cm−1 comes from stretching vibration of unconjugated carbonyl (C=O) group.
The strong band at (f) 1654 cm−1 comes from stretching vibration of unconjugated C=C. The band at
(g) 1590 cm−1 corresponds to stretching vibration conjugated C=C. The strong band at (h) 1409 cm−1

comes from CH2– bending, while the bands at (i) 1367 cm−1 comes from CH3− bending. The bands at
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(j) 1278 cm−1, (k) 1206 cm−1, (l) 1046 cm−1 correspond to the stretching vibration of C–O. The bands
at (m) 1011 cm−1, (n) 908 cm−1, (o) 772 cm−1, (p) 677 cm−1 comes from C–OH stretching, –HC=CH–
(trans) out of plane, –HC=CH– (cis) out of plane, –(CH2)n; –HC=CH-bending, respectively [11].
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4000–650 cm−1, using attenuated total reflectance.

FTIR spectra combined with multivariate calibrations of PCR and PLS could be effective tools for
quantitative analysis of analytes [13]. To perform a quantitative analysis of analytes in mangosteen
pericarp extract, PCR and PLS were compared using predictor variables of absorbance values at
specific wavenumber regions. The absorbance values were combined to get new variables (principle
component or PC) or PLS factors. The PCs and factors were used for modelling with the concentration
of analytes. The data obtained from FTIR and HPLC analysis were continued to the multivariate
calibration of PLS and PCR. PLS analyzes multiple component that calibrate predictor variables
(absorbance in specific wavenumbers) with dependent variables (concentration of GM, GT, and AM).
The condition selected was based on the higher coefficient of determination (R2), for the relationship
between actual value of analytes as determined using HPLC method (x-axis) and predictive value.
The errors used for evaluation of precision of analytical methods were expressed by RMSEC and
RMSEP, while R2 expressed the accuracy of the model [13]. The higher R2 and the lower RMSEC,
the more accurate and more precise of models. Table 3 showed the statistical results with R2, RMSEC,
and RMSEP values for correlation between actual values, as determined by HPLC, and predicted
FTIR spectra for determination of GM, using normal, first derivative and second derivative spectra at
specific wavenumbers regions.
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Table 3. The statistical parameters of multivariate calibrations of principle component regression (PCR)
and partial least square (PLS) for the quantitative analysis of γ-mangostin (GM).

Multivariate
Calibrations

Wavenumber
(cm−1)

Spectra
Calibration Validation

R2 RMSEC R2 RMSEP

PLS

3700–663
normal 0.1084 0.223 0.3688 0.210
1st der 0.9835 0.0303 0.3304 0.256
2nd der 0.9206 0.0664 0.5820 0.164

3700–2700 and
1800–663

normal 0.1093 0.222 0.3699 0.210
1st der 0.1144 0.222 0.4280 0.199
2nd der 0.8976 0.0755 0.5672 0.170

3700–2700
normal 0.1011 0.223 0.3499 0.223
1st der 0.9930 0.0197 0.7839 0.155
2nd der 0.9573 0.0487 0.8134 0.120

1800–663
normal 0.1065 0.223 0.3730 0.203
1st der 0.9592 0.0476 0.2870 0.295
2nd der 0.8623 0.0875 0.5057 0.188

PCR

3700–663
normal 0.6002 0.149 0.3611 0.284
1st der 0.6214 0.145 0.5938 0.154
2nd der 0.6678 0.0652 0.0922 0.0554

3700–2700 and
1800–663

normal 0.6402 0.141 0.4034 0.251
1st der 0.6211 0.145 0.5886 0.155
2nd der 0.6777 0.134 0.7846 0.109

3700–2700
normal 0.4039 0.182 0.4959 0.216
1st der 0.2280 0.207 0.7164 0.160
2nd der 0.5582 0.157 0.6064 0.157

1800–663
normal 0.1956 0.211 0.4294 0.239
1st der 0.3376 0.192 0.2713 0.199
2nd der 0.1903 0.212 0.6904 0.177

The selected condition was marked with bold. 1st der = first derivative spectra; 2nd der = second derivative spectra.

PLS, using absorbance values of FTIR spectra at combined wavenumber regions of 3700–2700 cm−1,
was used to predict the content of GM, as indicated by highest R2 (0.9573 and 0.8134 in calibration and
validation models), and by lowest value of RMSEC (0.0487%) and RMSEP (0.120%). The low value of
RMSEC and RMSEP indicated that the developed models were precise. The R2 values in PCR models
were less than 0.9, which indicated that the developed models did not reach the desired precision and
accuracy. Figure 4 revealed the correlation between actual values of GM, as determined by HPLC
method (x-axis) and FTIR predicted values (y-axis) in calibration and validation models, along with
residual analysis. From residual analysis, it is clear that the errors occurring during analysis is random
errors, because the points (the difference between actual and predicted value) fall around zero [14].
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with wavenumbers region 3700–2700 cm−1 using the second derivative FTIR (A), along with residual
analysis (B).

Table 4 showed the statistical results with R2, RMSEC, and RMSEP values of FTIR spectra for
determination GT using normal, first derivative and second derivative spectra at specific wavenumbers
region. PLS combined wavenumber region of 3700–663 cm−1 was used to predict the content of GT
as indicated by highest R2 (0.9952 and 0.3094 in calibration and validation models) and by lowest
value of RMSEC (0.00789%) and RMSEP (0.0519%). The R2 value in PCR analysis is less than 0.9,
which indicated that the developed models did not reached the desired precision and accuracy. Table 5
showed the statistical results with R2, RMSEC, and RMSEP values of FTIR spectra for determination
AM, using normal, first derivative and second derivative spectra at a specific wavenumbers region.
PLS combined wavenumber region of 3700–663 cm−1 was used to predict the content of AM as indicated
by highest R2 (0.9934 and 0.6358 in calibration and validation models) and by lowest value of RMSEC
(0.197%) and RMSEP (0.990%). From these results, FTIR spectroscopy combined with multivariate
calibrations is a reliable technique for the quantitative analysis of AM, GM, and GT.
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Table 4. The statistical parameters of multivariate calibrations of Principle Component Regression
(PCR) and Partial Least Square (PLS) for quantitative analysis of gartanin (GT).

Multivariate
Calibrations

Wavenumber
(cm−1)

Spectra
Calibration Validation

R2 RMSEC R2 RMSEP

PLS

3700–663
normal 0.0782 0.109 0.0117 0.0972
1st der 0.0881 0.108 0.0188 0.0969
2nd der 0.9952 0.00789 0.3094 0.0519

3700–2700 and
1800–663

normal 0.0779 0.109 0.0116 0.0974
1st der 0.0880 0.108 0.0188 0.0969
2nd der 0.9928 0.00961 0.3145 0.0548

3700–2700
normal 0.0429 0.111 0.0046 0.102
1st der 0.9884 0.0121 0.3669 0.0559
2nd der 0.9040 0.0351 0.0957 0.0745

1800–663
normal 0.0890 0.108 0.0140 0.0957
1st der 0.0880 0.108 0.0190 0.0969
2nd der 0.9914 0.0105 0.2154 0.0645

PCR

3700–663
normal 0.6366 0.0682 0.0390 0.107
1st der 0.5724 0.0740 0.0094 0.0804
2nd der 0.6678 0.0652 0.0922 0.0554

3700–2700 and
1800–663

normal 0.6848 0.0635 0.0253 0.1020
1st der 0.5690 0.0743 0.0075 0.0807
2nd der 0.6619 0.0658 0.0974 0.0566

3700–2700
normal 0.1326 0.105 0.0018 0.0938
1st der 0.2500 0.098 0.1919 0.1010
2nd der 0.5347 0.0772 0.0122 0.0799

1800–663
normal 0.2016 0.101 0.0864 0.0716
1st der 0.2867 0.0956 0.1127 0.0829
2nd der 0.2117 0.100 0.1260 0.082

The selected condition was marked with bold. 1st der = first derivative spectra; 2nd der = second derivative spectra.

Table 5. The statistical parameters of multivariate calibrations of Principle Component Regression
(PCR) and Partial Least Square (PLS) for a quantitative analysis of α-mangostin (AM).

Multivariate
Calibrations

Wavenumber
(cm−1)

Spectra
Calibration Validation

R2 RMSEC R2 RMSEP

PLS

3700–663
normal 0.7739 1.150 0.0535 1.850
1st der 0.9409 0.589 0.4839 0.964
2nd der 0.9934 0.197 0.6358 0.990

3700–2700 and
1800–663

normal 0.7707 1.160 0.0585 1.670
1st der 0.9347 0.619 0.4764 0.966
2nd der 0.9880 0.265 0.6222 1.050

3700–2700
normal 0.1865 2.190 0.0465 1.420
1st der 0.9884 0.261 0.7916 0.805
2nd der 0.9249 0.664 0.6762 1.210

1800–663
normal 0.0729 2.330 0.0178 1.700
1st der 0.9569 0.504 0.3211 1.240
2nd der 0.9746 0.386 0.4958 1.280
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Table 5. Cont.

Multivariate
Calibrations

Wavenumber
(cm−1)

Spectra
Calibration Validation

R2 RMSEC R2 RMSEP

PCR

3700–663
normal 0.7346 1.250 0.0010 1.860
1st der 0.6593 1.410 0.0438 1.140
2nd der 0.6750 1.380 0.4827 0.705

3700–2700 and
1800–663

normal 0.7769 1.140 0.0009 1.670
1st der 0.6559 1.420 0.0406 1.150
2nd der 0.6706 1.390 0.4673 0.727

3700–2700
normal 0.3229 1.990 0.1245 1.570
1st der 0.4050 1.870 0.0505 1.680
2nd der 0.5079 1.700 0.0221 1.560

1800–663
normal 0.3653 1.930 0.0666 1.320
1st der 0.4167 1.850 0.0563 1.240
2nd der 0.3790 1.910 0.0001 1.190

The selected condition was marked with bold. 1st der = first derivative spectra; 2nd der = second derivative spectra.

4. Conclusions

HPLC method can determine the content of α-mangostin (AM), γ-mangostin (GM), and gartanin
(GT) in mangosteen pericarp extracts. FTIR spectroscopy combined with PLS using wavenumber region
at 3700–2700 cm−1 for the quantification of GM in mangosteen pericarp extract and 3700–663 cm−1 for
quantification of GT and AM in mangosteen pericarp extract offered a reliable technique.
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