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Abstract

Mangosteen (Garcinia mangostana Linn.) is a highly beneficial fruit, containing potent 
bioactive compounds such as xanthones. However, the metabolite comparisons of mangosteen 
pericarp, aril and seed have not been described in detail previously. A comparative approach was 
undertaken in the present work to evaluate the effects of different ratios of solvent combination 
in the metabolite extraction of mangosteen. Gas chromatography-based metabolomics approach 
was performed to evaluate the efficiency of two metabolite extraction methods utilising 
different solvent extraction ratios (3/1/1 v/v or 2/1/2 v/v of methanol/chloroform/water) in 
determining the primary metabolite composition of mangosteen fruit tissues (pericarp, aril and 
seed). Cumulatively, 43 known metabolites were putatively identified from the mangosteen 
fruit tissues. Due to the higher ratio of polar solvent (methanol and water) used in method 2 as 
compared to method 1, the former method preferentially extracted a higher number of polar 
metabolites. Conversely, the higher ratio of methanol solvent in method 1 also contributed 
to the identification of more alcohol metabolites. Additionally, the multivariate analysis 
revealed that mangosteen pericarp was mainly localised by ribonic acid, arabinopyranose, 
β-hydroxypyruvic acid, L-(+)-tartaric acid and galacturonic acid. Meanwhile, thymol-α-D-
glucopyranoside and D-ribofuranose contributed to the separation of mangosteen aril, whereas 
mangosteen seed contained high levels of β-D-galactofuranose, L-threonic acid, butanoic acid, 
glycoside, malic acid and myo-inositol. Results suggested that the differing solvent ratios can 
highly influence the types and levels of the extracted metabolites. This finding highlights the 
influence of metabolite solvent extraction methods towards the end results of the extraction as 
well as the localisation of primary metabolites in different mangosteen fruit tissues. Hence, the 
present work is vital in revealing important spatial information of various metabolites toward 
a better understanding of the mangosteen fruit ripening process.

Introduction

Mangosteen (Garcinia mangostana Linn.), 
dubbed as “the queen of fruits”, is a tropical fruit 
native to South East Asian countries (Osman and 
Milan, 2006). Mangosteen fruit possesses a dark 
purple outer pericarp with white juicy and refreshing 
aril inside, and is consumed for both its unique 
flavour and nutrient content. Various bioactive 
compounds have been isolated and characterised in 
mangosteen, particularly xanthones, triterpenes and 
benzophenones (Jamil et al., 2018; Aizat et al., 2019). 
Some of these bioactive compounds possess anti-
oxidant (Mohamed et al., 2014; Thong et al., 2015), 
anti-inflammatory (Chen et al., 2008), anti-malaria 

(Chaijaroenkul et al., 2014) and promising anti-
cancer properties (Matsumoto et al., 2003; Shibata 
et al., 2011). Due to these medicinal properties, 
mangosteen has been used in folk medicines and 
various supplemental products to relieve diarrhoea as 
well as to treat skin infections, wounds, gonorrhoea, 
ulcer, abdominal pain and suppuration (Shibata et 
al., 2011; Chaijaroenkul et al., 2014; Mohamed et 
al., 2014). 

These potential health benefits have made 
mangosteen a very interesting model organism 
for the investigation of secondary metabolites. 
Several studies have focused on the phenolic and 
xanthone content in this exotic fruit (Zadernowski 
et al., 2009; Sukatta et al., 2013). However, only 
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a few studies have focused on the variations of 
metabolite composition during the ripening process 
(Parijadi et al., 2018; Mamat et al., 2018a; 2018b). 
Particularly, the composition of primary metabolites 
in the mangosteen fruit has not been previously 
emphasised. Primary metabolites may determine the 
colour, taste, smell, nutritional quality and bioactive 
properties of a fruit (Osorio et al., 2013). Hence, their 
localisation in different tissues of mangosteen fruit is 
vital in determining the fruit’s metabolic processes.

Metabolite extraction is also an important step 
in metabolite profiling. Variations in metabolite 
extraction protocols or sample/tissue types will have 
significant impacts on the metabolites that can be 
detected (De Vos et al., 2007; Cevallos-Cevallos 
et al., 2009; Mushtaq et al., 2014). Several studies 
have reported such findings using a single extraction 
method to compare various tissue types (Osorio 
et al., 2013; Vondras et al., 2017) and vice versa 
(comparing different extraction methods using one 
single tissue) (Gullberg et al., 2004; Dettmer et al., 
2011; Azizan et al., 2015). Hence, the optimisation 
step of both extraction methods and tissue types play 
an important role in determining the metabolites that 
can be recovered from a sample, thus leading to a 
more thorough metabolomics analysis. However, a 
complete study to compare both different extraction 
solvents as well as different tissue types in one single 
study is still lacking. 

The present work thus examines the effects of 
two extraction parameters on the detection and semi-
quantification of primary metabolites in mangosteen. 
The two different extraction parameters comprised 
of different solvent ratios of methanol/chloroform/
water (3/1/1 v/v) (Cadahía et al., 2015) or (2/1/2 
v/v) (Lisec et al., 2006; De Vos et al., 2007). Both 
parameters are known to be effective for extracting 
a wide range of metabolites, covering non-polar 
to polar metabolites. Water and organic solvents 
(methanol and chloroform) are not only compatible 
with all analytical platforms including GC-MS, high 
performance liquid chromatography (HPLC), LC-
MS, nuclear magnetic resonance (NMR) and capillary 
electrophoresis-mass spectrometry (CE-MS), but 
also facilitate solvent evaporation, produce no salt 
precipitate and increase the extracted metabolites 
stability (Lisec et al., 2006; Mushtaq et al., 2014). 
More importantly, the influence of these extraction 
parameters towards the detection and quantification 
of primary metabolites from different fruit tissues is 
important to accurately measure the metabolite spatial 
distribution and provide a better understanding of the 
fruit’s metabolic processes.

Materials and methods

Chemicals and reagents
Analytical grade solvents such as methanol 

(catalogue number: 106007) and chloroform 
(catalogue number: 102444) were purchased from 
Merck (Germany). The derivatisation agents, 
N, O-bistrifluoroacetamide (BTSFA) (catalogue 
number: T6381) and methoxyamine hydrochloride 
(MeOX) (catalogue number: 89803) were purchased 
from Sigma Aldrich (St. Louis, MO, USA).

Fruit sampling
Mangosteen fruits were collected from Universiti 

Kebangsaan Malaysia (UKM) mangosteen 
experimental plots, located at Bangi, Selangor, 
Malaysia (2°55′09.0″N 101°47′04.8″E) during 
the months of June-August, 2014. Mangosteen 
was harvested at week 12 (stage 0, first ripening 
stage) until week 15 (stage 6, final ripening stage) 
after anthesis. The colour development of fruit was 
monitored before the fruit entered the stage 0 and the 
evaluation was done according to the Mangosteen 
Maturity Index as reported by Osman and Milan 
(2006). A total of three fruits were harvested once 
they reached the dark purple stage (the final stage 
of mangosteen ripening) (Osman and Milan, 2006). 
Mangosteen tissues were then separated into 
pericarp, aril and seed and ground into fine powder 
using pestle and mortar, to which liquid nitrogen was 
added, thus ensuring the plant materials remained 
frozen. The samples were dried using a freeze-dryer 
to eliminate the water content and kept at -80°C prior 
to extraction. Three biological replicates of each 
mangosteen tissue (pericarp, aril and seed) were 
prepared for each metabolite extraction method.

Metabolite extraction method 1
Method 1 was performed as previously described 

(Mamat et al., 2018b). Mangosteen tissue (200 
mg) was extracted with 400 μL of 100% ice-cold 
chloroform and sonicated in an ultrasonication bath 
(room temperature, 20 min). Then, the sample was 
extracted again with a mixture of 1.6 mL of ice-cold 
distilled water (dH2O) and methanol (100%) (1/3 v/v) 
and sonicated again at room temperature for 20 min. 
The supernatant was obtained after centrifugation 
(16,100 g, 10 min) and aliquoted into microcentrifuge 
tubes (50 μL per tube).

Metabolite extraction method 2
Method 2 was performed as previously described 

(Mamat et al., 2018b). Mangosteen tissue (200 
mg) was extracted using 3.75 mL of ice-cold 
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sample extraction solution (100% methanol/100% 
chloroform/water) (2/1/2 v/v). The sample was 
immediately vortexed for 10 s and continuously 
sonicated in an ultrasonication bath at room 
temperature (40 kHz, 15 min). Then, the mixture was 
centrifuged for 10 min at maximum speed (16,100 g, 
room temperature), and the supernatant was aliquoted 
into microcentrifuge tubes (50 μL per tube).

Sample derivatisation
The supernatant was dried using a vacuum 

concentrator. Approximately 40 µL of 20 mg/mL 
MeOX in pyridine and 40 µL of BSTFA were added 
into each tube of dried supernatant and incubated at 
60°C for 1 h.

GC-MS parameter
The sample was analysed using a Perkin Elmer 

Clarus 600 Turbo Mass GC-MS (Perkin Elmer, USA) 
coupled to a quadrupole-type MS. The system was 
operated at 70 eV with helium as the carrier gas. 
Approximately 1.0 μL of sample was injected into the 
Elite 5MS (5% diphenyl 95% dimethylpolysiloxane, 
30.0 m × 0.25 mm ID × 250 µm) column. Initially, 
the oven temperature was set at 70°C and increased 
by 10°C/min to 170°C. The temperature was then 
increased again by 30°C/min to 280°C and finally 
held for 3 min. Both injector and transfer temperatures 
were set to 250°C, while the source temperature was 
adjusted to 300°C. The full scan range was set to 
50-500 m/z and was acquired after 7 min of solvent 
delay with a split ratio of 20:1.

Data processing and statistical analysis
Raw GC-MS data were obtained from the Turbo 

Mass software (Perkin Elmer, USA), containing 
the metabolite name, retention time, match, relative 
match and peak area. Metabolite identification was 
performed using NIST (National Institute of Standards 
and Technology) mass spectral library (2005) with a 
minimum match of 700. The threshold was a reliable 
match cut-off for the metabolite identification against 
NIST library as performed by other studies (Lee et al., 
2013; Simón-Manso et al., 2013). Further analysis 
was carried out using the AMDIS (Automated Mass 
Spectral Deconvolution and Identification System) 
software version 2.71 to extract single metabolite mass 
spectra from overlapping peaks. Only metabolites 
present consistently in all three biological replicates 
of any tissue samples were retained for further 
analysis. Statistical analysis (two-way ANOVA) was 
performed using the MetaboAnalyst 3.0 server (www.
metaboanalyst.ca). Relative peak area was calculated 
by dividing the peak area of a particular metabolite 

with the sum of peak area for the total metabolites 
times sample weight. 

Multivariate data analysis
Processed GC-MS data were normalised to 

total peak areas, followed by log transformation 
and pareto scaling prior to multivariate analysis. 
Pareto scaling was performed to remove systematic 
differences among variables before a logarithmic 
transformation to each variable was applied. All data 
analyses were performed using the MetaboAnalyst 
3.0 server (www.metaboanalyst.ca). PCA and PLS-
DA analyses were carried out using the SIMCA 
14.1 software (Umetrics, Umea, Sweden). PCA and 
PLS-DA model performance was evaluated using R2 
coefficient to explain the model goodness of fit, and 
Q2 for model accuracy. An R2 value of more than 0.5 
and higher than the Q2 value indicates a good model. 
To avoid model overfitting, the PLS-DA model was 
validated using cross validation and permutation 
testing.

Results

Mangosteen metabolite profiling using GC-MS
Metabolites of mangosteen pericarp, aril and 

seed were first extracted using two different solvent 
ratios of methanol/chloroform/water (method 1: 
3/1/1 v/v or method 2: 2/1/2 v/v). The samples were 
then derivatised using BSTFA and run on the GC-MS 
system, followed by data treatments using several 
bioinformatics tools (Figure 1). The chromatogram 
for each mangosteen tissue sample (pericarp, aril and 
seed) from both extraction methods is not shown. 
A library search using the AMDIS software against 
NIST library with the match cut-off of 700 resulted 
in the putative identification of 43 metabolites (Table 
1). 700 is a reliable minimum match value for the 
identification of metabolites and has been applied in 
several studies (Lee et al., 2013; Simón-Manso et 
al., 2013) to avoid false positive and false negative 
results (Meyer et al., 2010; Grapp et al., 2016). The 
compounds with the match of 700 and above with 
reliable signals were reported while the compound 
peaks or compound names with question marks (?) 
next to them were excluded since they could be a 
false positive hit. Of the 43 metabolites detected, only 
35 known metabolites were statistically significant 
between methods and/or tissues (p ≤ 0.05). The 
metabolites detected were mainly comprised of 
primary metabolites. Sugars were found to be the 
most abundant group of metabolites present in the 
mangosteen fruit, comprising almost half (51%) of 
the total metabolites detected (calculated based on 
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the number of metabolites detected) and a higher 
total of relative peak areas as compared to other 
groups of metabolites for both extraction methods. 
Meanwhile, 14% of the detected metabolites were 
organic acids and 12% were sugar acids. Sugar 
alcohols and alcohols each contributed 5% of the total 
metabolites while only one aldehyde (butanal, 2%) 
and one aromatic compound (2H-benopyran, 2%) 
were detected. Approximately 9% of the detected 
metabolites were classified as “others” (Table 1) 
where these metabolites were not categorised into 
any metabolite class. 

Table 1 shows the list of metabolites with 
their respective relative peak area specific to each 
extraction method and type of mangosteen tissue 
where they were detected; either in mangosteen 
pericarp, aril or seed. For instance, six sugars namely 
D-fructose, D-glucose, D-ribose, D-xylopyranose, 
glucopyranose and α-D-glucopyranoside and one 
organic acid, namely citric acid were detected in all 
tissues using both methods (Table 1). Other sugars, 
such as arabinopyranose, were only detected in the 
mangosteen pericarp, while α-D-galactofuranose 
only in aril using both extraction methods. 
Meanwhile, gulose and sorbopyranose were uniquely 
present from the methanol/chloroform/water 3/1/1 
v/v (method 1) whereas arabinofuranose, galacto-
hexodialdose, D-xylofuranose, β-D-glucopyranoside 

and xylulose were found only in the 2/1/2 v/v 
method (method 2) in either one or two of the three 
tissues measured. Furthermore, galacturonic acid 
was consistently detected in the pericarp using both 
methods while β-D-galactopyranosiduronic acid 
was only found in the pericarp when extracted using 
method 1 and galactaric acid using method 2. For 
organic acids, butanoic acid was found in seed from 
both extraction methods while propanoic acid was 
only detected using method 1. Two alcohols namely 
2,3-butanediol and threitol were uniquely present 
from method 1. Thymol-α-D-glucopyranoside was 
consistently detected in pericarp and aril tissues 
using both methods while β-hydroxypyruvic acid 
was consistently present only in the pericarp. Acrylic 
acid was found only in the seed using method 2.

Multivariate data analysis
Explanatory principal component analysis (PCA) 

score scatter plot and loading scatter plot (Figures 
2a and 2b) were generated to assess the similarities 
and differences in the metabolites obtained using 
method 1 and method 2 as well as between different 
mangosteen tissues. Figure 2a shows a clear 
separation between the experimental groups giving 
the best fit model with cumulative X-variance (R2X) 
of 0.607 and cross-validated predictive ability (Q2) 
of 0.361. Subsequently, supervised PLS-DA was 

Figure 1. Overview of the methodology.
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Figure 2. Multivariate analysis; a) PCA score plot, b) PCA loading plot, c) PLS-DA score plot comparing extraction 
methods, d) PLS-DA loading plot comparing extraction methods showing metabolites with VIP ≥ 1.00 highlighted in 
black triangle symbols, e) PLS-DA score scatter plot comparing tissue types (pericarp, aril and seed), f) PLS-DA loading 
plot comparing tissue types showing metabolites with VIP ≥ 1.00 highlighted in black triangle symbols. M1, method 1 
(methanol/chloroform/water 3/1/1 v/v); M2, method 2 (methanol/chloroform/water 2/1/2 v/v); P, pericarp; A, aril; S, seed. 

Each experimental group was represented by three biological replicates (n = 3).

Table 2. Summary of multivariate analysis.

Model
Goodness-of-fit-values Number of metabolites 

with VIP ≥1.00PCs R2X (cum) R2Y (cum) Q2 (cum)
PCA 2 0.607 NA 0.361 NA
PLS-DA (extraction methods) 3 0.682 0.966 0.830 11
PLS-DA (tissue types) 2 0.597 0.964 0.939 14
PC, principal component; R2X (cum), cumulative X-variance; R2Y (cum), cumulative Y-variance; Q2 (cum), cumulative cross-
validated predictive ability; VIP, variable importance for the projection; NA, not available.
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performed to enhance the separation trend found 
in the PCA. PLS-DA models which were classified 
according to extraction methods (Figures 2c and 
2d) and mangosteen tissue types (Figures 2e and 
2f) were obtained and evaluated. A clear separation 
between the experimental groups was also achieved 
in the PLS-DA analyses. The R2X (cum), cumulative 
Y-variance (R2Y) and Q2 value for both PLS-DA 
models exceeded 50%, thus indicating high variances 
between experimental groups and that the models 
were valid (Figure 2, Table 2). 

Variable importance for projection (VIP) 
scores were calculated to determine the influence 
of each metabolite (Table 2). Metabolites with 
VIP exceeding 1 (VIP ≥ 1.00) can be considered 
as potential metabolites to discriminate method 1 
and method 2 (Azizan et al., 2016). For examples, 
D-ribofuranose, mannose and D-xylose caused the 
discrimination of samples extracted using method 1, 
whereas arabinofuranose, xylulose, 3,8-dioxa-2,9-
disiladecane, galacto-hexodialdose, acrylic acid and 
β-D-galactofuranose contributed to the separation 
of samples obtained from method 2 (Figure 
2d). Meanwhile, ribonic acid, arabinopyranose, 
β-hydroxypyruvic acid, L-(+)-tartaric acid and 
galacturonic acid caused the separation of mangosteen 
pericarp from aril and seed as shown in Figure 2f. 
Thymol-α-D-glucopyranoside and D-ribofuranose 
contributed to the separation of mangosteen aril 
whereas the deposition of mangosteen seed at the 
lower left quadrant of the plot was highly regulated 
by β-D-galactofuranose, L-threonic acid, butanoic 
acid, glycoside, malic acid and myo-inositol. PLS-
DA models were further validated using the response 
permutation test and analysis of variance of cross-
validated predictive residuals (CV-ANOVA) test 
(data not shown). The results obtained suggested 
that all PLS-DA models were highly significant (p 
≤ 0.05).

Discussion

The selection of metabolite extraction method 
involving extraction solvents and extraction 
techniques is crucial in determining the type and 
composition of metabolites that could be extracted 
from any biological samples (Cevallos-Cevallos et 
al., 2009; Kim and Verpoorte, 2010). The criteria for 
the selection depend largely on the aims of the study 
conducted, especially either targeted or non-targeted 
metabolomics. In this case, a global metabolomics 
approach was performed using GC-MS analysis to 
assess the consistency and metabolome coverage 
between extraction solvents and different mangosteen 

tissues (Figure 1). 
The solvent combination of methanol/

chloroform/water was used in the present work due 
to its ability to extract diverse types of metabolites 
simultaneously, from polar to non-polar, hydrophilic 
and hydrophobic molecules (Mushtaq et al., 2014). 
Primary metabolites were mainly detected in the 
present work with a trace quantity of secondary 
metabolites. This may be due to the limitation of GC-
MS which mostly detects volatile or easily volatilised 
metabolites such as polar to semi-polar primary 
metabolites (for example sugars, alcohols, organic 
acids and amino acids). Instead, LC-MS could 
be used to detect secondary metabolites as it was 
reported to be more suitable for the detection of non-
volatile, non-derivatised or large compounds such 
as secondary metabolites (for example flavonoids, 
alkaloids, saponins and phenylpropanoids (t’Kindt et 
al., 2009; Lee et al., 2013).

Explanatory PCA analysis showed a trend of 
clustering according to fruit tissue types rather than 
different methods of extraction (Figure 2a). Except 
for aril sample, pericarp and seed samples did not 
overlap, indicating differences in their type or level 
of metabolites. This might be due to the biological 
nature of each tissue which carries out different 
structural and metabolic functions. Supervised PLS-
DA score plot to preferentially differentiate the 
effects of different extraction methods and tissue 
types indicated that the achieved R2 and Q2 values 
for both different extraction methods and tissue types 
were higher than 50% (Figures 2c and 2e, Table 2), 
indicating high variance between the experimental 
groups. Higher precision between tissue types was 
observed for method 2 as compared to method 1 
(Figure 2c). On the other hand, method 2 successfully 
discriminated pericarp, aril and seed as compared to 
method 1 (Figure 2c). All three biological replicates 
in PCA and both of the PLS-DA plots were closely 
deposited to each other, indicating high reproducibility 
among the replicates. Response permutation test and 
CV-ANOVA test were performed to further validate 
the PLS-DA models. Response permutation test was 
important to evaluate the risk that the models were 
specious while CV-ANOVA was used to determine 
the number of significant components required for the 
model to avoid overfitting of the model (Eriksson et 
al., 2008; Azizan et al., 2012). Results obtained from 
both validation tests (data not shown) suggested that 
the PLS-DA models were valid and highly significant, 
indicating that there were significant differences 
between the experimental groups (extraction methods 
and tissue types).
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Consistency between two metabolite extraction 
methods differing in solvent ratios

Some metabolites were successfully extracted 
from both extraction methods such as sugars 
including D-fructose, D-glucose, D-xylopyranose 
and glucopyranose (Table 1), despite using different 
solvent ratios. Sugar alcohols (myo-inositol and 
arabinitol), sugar acids (for example ribonic acid and 
galacturonic acid) and organic acids (for example 
citric acid and malic acid) were also extracted from 
both methods in at least one of the mangosteen tissues 
(Table 1). These compounds are closely related to 
the ripe condition of the mangosteen fruit. During 
the onset of fruit ripening, fruit increased its sugar 
accumulation while reducing its acidity (Osorio et al., 
2013; Osorio and Fernie, 2014). These biochemical 
changes occur over time, thus providing the fruit with 
more desirable traits, making them more appealing 
to seed dispersal organisms as well as increasing 
their commercial value. Using method 1 and method 
2, sugars were found abundantly in the pericarp, 
aril and seed, covering more than half of the total 
metabolites detected with the highest total relative 
peak areas as compared to other metabolite groups 
(Table 1). Besides sugars, organic acids, sugar acids 
and alcohols were also present marginally (2-14%) 
in various tissues. These metabolites are responsible 
in determining nutritional quality and postharvest 
characteristics of a fruit including flavour and aroma 
(Osorio and Fernie, 2014). 

The combination of sugars and their derivative as 
well as organic acids such as citric, malic and butanoic 
acids were believed to contribute to the sweetness 
and acidic taste of mangosteen during the ripening 
process. Citric and malic acids were reported to be 
the major organic acids found in most fruits (Osorio 
and Fernie, 2014). The presence of these metabolites 
indicates that the TCA cycle was actively regulated in 
mangosteen during the ripening process. Meanwhile, 
butanoic acid was reported to be highly responsible 
for the flavour and smell characteristics in noni fruits 
(Morinda citrifolia L.) (Chan-Blanco et al., 2006). 
However, our study found that this metabolite was 
exclusively identified from seed tissue, indicating 
that it might play different roles in seed maturation 
and hence, demanding further research.

Some metabolites were found to be related to the 
cell wall degradation and textural softening as well as 
the protection against biotic or abiotic stress during 
mangosteen ripening. For example, galacturonic 
acid was only found in the pericarp sample (Table 
1). This is perhaps due to its abundance in pectin, 
the major polysaccharides in plant primary cell 
walls and middle lamella (Caffall and Mohnen, 

2009; Dettmer et al., 2011). Degradation of pectin 
(pectin breakdown into galacturonic acid) and 
other plant cell wall polysaccharides (cellulose and 
hemicelluloses) as well as the dissolution of middle 
lamella lead to tissue softening and loss of fruit 
firmness during the ripening process (Goulao and 
Oliveira, 2008; Osorio and Fernie, 2014). Thymol-α-
D-glucopyranoside that was also detected from both 
extraction methods could be related to the defence 
activity of mangosteen against plant pathogen attacks 
as the thymol possesses anti-bacterial (Nabavi et al., 
2015) and anti-fungal properties (Yang et al., 2011). 

Variation across metabolites and extraction methods
Even though several compounds discussed earlier 

were consistently detected in different mangosteen 
tissues using different extraction methods, several 
others exhibited different profiles (Table 1). For 
example, D-fructose was lower in aril as compared 
to other tissues when method 1 was used but the 
compound was higher in aril when extracted using 
method 2. Furthermore, the relative levels of 
D-galactose, lyxose, mannose, β-D-galactofuranose, 
butanal and 3,8-dioxa-2,9-disiladecane highly varied 
when extracted using the two methods (Table 1). This 
suggests that these compounds were easily influenced 
by the different solvent ratios and hence should be 
carefully considered in any subsequent studies.

Furthermore, the degree of solvent polarity may 
also influence the types of metabolites that could be 
extracted (Mushtaq et al., 2014; Azizan et al., 2015). 
The combination of methanol, chloroform and water 
solvents were used due to their compatibility and 
reproducibility in various plant-based metabolomics 
research (Lisec et al., 2006; De Vos et al., 2007; 
Mushtaq et al., 2014; Okazaki et al., 2016). The 
use of organic solvents in combination with water 
is preferable since it could extract diverse types of 
metabolites simultaneously, from polar to non-polar, 
hydrophilic and hydrophobic molecules, besides 
having high compatibility with various metabolomics 
analytical instruments including GC-MS (Mushtaq et 
al., 2014). In the present work, it was observed that 
method 2 was inclined to extract more unique polar 
metabolites in mangosteen tissues than method 1. For 
example, polar metabolites such as arabinofuranose, 
galacto-hexodialdose, D-xylofuranose and β-D-
glucopyranoside were only detected using method 2. 
This may be contributed by the higher polar solvent 
ratios used in this method (two volumes of water 
as compared to just one in method 1). Moreover, 
two alcohols (2,3-butanediol and threitol) were 
exclusively found in method 1 in either pericarp or 
seed, respectively (Table 1) suggesting the higher 
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methanol ratio in this method might have contributed 
to their identification. The results highlighted that 
the different solvent combinations may increase the 
detection of certain types of metabolites, signifying 
the importance of well-optimised extraction 
procedures in any metabolomics studies.

Conclusion

The present work demonstrated the utilisation 
of different solvent ratios, 3/1/1 v/v or 2/1/2 v/v 
of methanol/chloroform/water, to detect primary 
metabolites in different mangosteen tissues. The 
results showed that the different solvent ratios 
affected the metabolite distribution in mangosteen 
pericarp, aril and seed. Specific localisation of 
primary metabolites was indicated, which is of high 
interest for mangosteen fruit ripening and sensory 
quality research.
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