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Abstract
Garcinia mangostana L. is a tropical fruit celebrated for its substantial health benefits, largely due to its rich content of 
bioactive compounds. This review provides a detailed and current examination of various extraction technologies used to 
isolate these beneficial compounds and evaluates their associated biological activities. The fruit is particularly rich in phenolic 
compounds, anthocyanins, flavonoids, and isoprenylated xanthones, all of which are known for their potent antioxidant and 
anti-inflammatory properties. Traditional extraction methods, including solvent extraction and steam distillation, have been 
commonly employed to derive oils and their essential oils. However, these methods often involve lengthy extraction periods 
and significant solvent use, raising concerns about sustainability and efficiency. Conversely, modern extraction technolo-
gies such as supercritical fluid extraction, microwave-assisted extraction, and ultrasonic-assisted extraction offer enhanced 
efficiency, with benefits like reduced solvent use, shorter processing times, and higher yields. This review highlights recent 
advancements in these extraction methodologies, compares their effectiveness, and explores the potential applications of 
mangosteen-derived bioactive compounds across the food, pharmaceutical, and cosmetic industries. By evaluating both 
traditional and innovative techniques, this review aims to provide valuable insights into optimizing the extraction of man-
gosteen’s bioactive constituents for improved health benefits and industry applications.
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Introduction

Garcinia mangostana L., commonly known as mangosteen, 
is a tropical evergreen tree endemic to Southeast Asia, with 
significant cultivation in countries such as Malaysia, Thai-
land, Indonesia, Sri Lanka, the Philippines, Myanmar, and 
India (Ibrahim et al. 2016). This fruit-bearing tree belongs 
to the Clusiaceae family and the genus Garcinia, and it’s 
known as "Queen of Fruits" due to its distinctive sweet and 
tangy flavor, unique texture, and aromatic profile. Beyond 
its culinary appeal, mangosteen has garnered attention for its 

medicinal properties, which include antioxidant, anti-inflam-
matory, and antimicrobial effects (Aizat et al. 2019a). The 
fruit's rich composition of bioactive compounds, including 
xanthones, flavonoids, and polyphenols, contributes to its 
health-promoting benefits. The growing interest in mango-
steen is not only due to its taste but also its potential appli-
cations in health and wellness industries, underscoring its 
value both as a food product and a therapeutic agent.

The mangosteen tree is a robust evergreen species, reach-
ing heights ranging from 6 to 25 m. It is distinguished by its 
thick, leathery leaves that provide a lush canopy, contribut-
ing to the tree's vibrant appearance (Aizat et al. 2019b). The 
fruit is round and encased in a thick, purple rind, which 
is visually striking and protects the delicate edible portion 
inside (Abdul-Rahman et al. 2017), as shown in Fig. 1. 
Within the fruit, the edible part is comprised of three to 
eight white arils, which are succulent and sweet-tasting 
(Saraswathy et al. 2022). The fruit is anatomically divided 
into approximately 17% external pericarp, 48% internal 
pericarp, 40% pulp, and 4% cap. Notably, over 60% of the 
fruit's weight is attributed to the pericarp, which is often 
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considered waste biomass (Wang et al. 2018). This signifi-
cant proportion of the fruit is typically discarded during pro-
cessing, yet it holds potential value due to its rich content 
of bioactive compounds. Utilization of the pericarp could 
enhance the overall value of mangosteen by-products, offer-
ing opportunities for sustainable practices and the develop-
ment of novel products.

Garcinia mangostana L., traditionally used in medicinal 
practices, has been widely employed to treat various ail-
ments, including inflammatory diseases, skin infections, 
wounds, and ulcers (Oh et al. 2020). Over recent years, the 
medicinal properties of mangosteen have garnered increased 
attention from researchers, primarily due to its rich content 
of bioactive compounds. These compounds include phenolic 
acids, anthocyanins, prenylated xanthone derivatives, pro-
cyanidins, flavonoids, and tannins (Aizat et al. 2019b), all of 
which contribute to its therapeutic potential.

Notably, the majority of these beneficial compounds are 
found in the fruit's pericarp, the thick outer rind, which has 
been reported to exhibit antioxidant activity 20 times higher 
than that of the fruit’s edible flesh. In addition, the peri-
carp contains 10 times more phenolic compounds compared 
to the pulp, further enhancing its health benefits (Oh et al. 
2020). This high concentration of bioactive compounds has 
been linked to a broad range of biological and pharmaco-
logical activities.

Several studies have demonstrated that mangosteen 
possesses a variety of therapeutic properties, including 
antioxidant, anti-obesity, antihyperglycemic, antidiabetic, 
antimicrobial, hepatoprotective, cardioprotective, anti-
inflammatory, anti-Alzheimer, and pro-apoptotic effects 
(Mello et al. 2021). These findings suggest that mangosteen 
not only supports overall health but may also play a sig-
nificant role in disease prevention and management. As the 
scientific community continues to explore the pharmacologi-
cal potential of natural products, mangosteen stands out as a 
promising candidate for further investigation. Its rich com-
position of bioactive compounds and wide range of health 
benefits positions it as a potential natural remedy for numer-
ous chronic conditions. Continued research is essential to 

fully understand the mechanisms behind its therapeutic 
effects and to determine the best methods for harnessing its 
medicinal properties in modern healthcare.

In recent years, there has been a significant rise in interest 
regarding the extraction techniques used to isolate bioactive 
compounds from Garcinia mangostana L. (Mohamed et al. 
2017). Traditionally, conventional extraction methods have 
involved solid–liquid extraction using organic solvents such 
as methanol, ethanol, chloroform, ethyl acetate, acetone, and 
hexane. However, these methods present several disadvan-
tages. First, the solvents employed in these processes are 
not only harmful to human health but also pose significant 
environmental risks. Additionally, conventional extraction 
methods often yield products with low purity due to the high 
concentrations of residual solvents. Other drawbacks include 
prolonged extraction times, low extraction efficiency, and the 
large quantities of solvents required (Chhouk et al. 2016). 
To address these limitations, several advanced extraction 
techniques—referred to as emerging technologies—have 
been explored in recent studies (Mohamed et al. 2017). 
These innovative methods aim to enhance the efficiency, 
safety, and environmental sustainability of extracting man-
gosteen’s valuable bioactive compounds. Techniques such 
as ultrasound-assisted extraction (UAE), microwave-assisted 
extraction (MAE), supercritical fluid extraction (SFE), and 
pressurized liquid extraction (PLE) have been investigated 
for their potential to improve extraction yields while reduc-
ing solvent use, extraction time, and environmental impact. 
The growing body of research on these emerging technolo-
gies highlights their ability to overcome the limitations of 
conventional methods. These advanced techniques are not 
only more efficient but also safer, producing higher-purity 
extracts that retain the full spectrum of bioactive compounds 
found in mangosteen. Given the potential health benefits 
of these compounds, particularly their antioxidant, anti-
inflammatory, and antimicrobial properties, optimizing the 
extraction process is crucial for maximizing the therapeutic 
applications of mangosteen.

This review aims to provide an up-to-date overview of 
the various extraction technologies for isolating bioactive 

Fig. 1   a Mangosteen tree and b 
Mangosteen fruits. Picture taken 
from website: https://​sembr​
amos.​com.​co/​arbol-​de-​mango​
stino.​html

https://sembramos.com.co/arbol-de-mangostino.html
https://sembramos.com.co/arbol-de-mangostino.html
https://sembramos.com.co/arbol-de-mangostino.html
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compounds from mangosteen. In doing so, it underscores the 
critical importance of these compounds in biological activity 
and highlights the progress being made in refining extrac-
tion methods to support future applications in nutraceuticals, 
pharmaceuticals, and functional foods.

Bioactive compounds and biological 
activities

Garcinia mangostana L. is a valuable source of bioactive 
compounds present in various parts of the fruit, such as the 
pericarp, exocarp, seeds, and aril, which contain a wide 
range of phytochemicals, including phenolic acids, flavo-
noids, anthocyanins, tannins, and isoprenylated xanthones 
(Aizat et al. 2019b). The pericarp, accounting for approxi-
mately 70–75% of the bioactive components, is particularly 
rich in these compounds. The fruit is composed of up to 160 
aromatic compounds in the epicarp and 105 in the endo-
carp, with at least 68 identified xanthones, among which 
α-mangostin, ß-mangostin, γ-mangostin, garcinone E, and 
gartanine are the most prominent, with α-mangostin and 
ß-mangostin being the most abundant in the pericarp (Mah-
mudah et al. 2020).

Xanthones, particularly α-mangostin, have been exten-
sively studied due to their diverse pharmacological prop-
erties. These compounds exhibit potent antioxidant, 
anti-inflammatory, antimicrobial, and anticancer effects, 
making mangosteen a valuable natural product for medici-
nal and nutraceutical applications (Mahmudah et al. 2020). 
α-mangostin, the primary xanthone in the pericarp, has been 
shown to play a significant role in promoting apoptosis in 
cancer cells, while also offering protection against oxidative 

stress and inflammation (Plaza et al. 2021). Xanthones, par-
ticularly those derived from Garcinia mangostana, have 
shown remarkable anticancer properties through various 
mechanisms. Studies have demonstrated that α-mangostin, 
a major xanthone, induces apoptosis and inhibits prolif-
eration in colon and breast cancer cells (Pedraza-Chaverri 
et al. 2008). Additionally, xanthones target mitochondria and 
modulate cell cycle regulators, such as p21 and cyclin D1, 
to suppress cancer cell growth (Li et al. 2014). Furthermore, 
xanthones inhibit metastasis by suppressing epithelial-mes-
enchymal transition (EMT] in breast cancer cells (Li et al. 
2014). In vivo studies have also confirmed their antitumor 
activity, with α-mangostin reducing tumor size and angio-
genesis in skin cancer models (Kritsanawong et al. 2016). 
Lastly, the antioxidant properties of xanthones contribute 
to their anticancer effects by protecting cells from oxidative 
stress (Jung et al. 2006).

The chemical complexity of mangosteen and the high 
concentration of xanthones in the pericarp underscore the 
importance of optimizing extraction techniques to isolate 
these bioactive compounds. Emerging methods such as 
ultrasound-assisted extraction (UAE) and the use of natural 
deep eutectic solvents (NaDES) have been identified as sus-
tainable and efficient alternatives to traditional solvent-based 
extraction processes. These advanced methods not only 
increase extraction efficiency but also reduce environmen-
tal impact, further enhancing the viability of mangosteen for 
industrial applications (Plaza et al. 2021).

Table 1 highlights the primary bioactive compounds pre-
sent in mangosteen. Among these, α-mangostin (1,3,6-tri-
hydroxy-7-methoxy-2,8-bis(3-methyl-2-butenyl)-9H-xan-
then-9-one), a hydrophobic polyphenol, is one of the most 
significant xanthone derivatives in the fruit, playing a crucial 

Table 1   Main bioactive compounds of mangosteen [Garcinia mangostana L] [14; 15] 

Phenolic acids Flavonoids Tannins Xanthones

Chlorogenic acid, vinyl acid
protocatechin acid
p-coumaric acid
Ferulic acid,
gallic acid,
caffeic acid, hydroxybenzoic

Epicatechin
Porcatechin, cyanidin 3-sophoroside, cyanidin 3-glucoside, myrice-

tin, rutin
Quercetin

Procyanidin α-mangostin
ß-mangostin
γ-mangostin
Rubraxanthone
9-Hydroxycalabaxanthone
Tetrahydroxyxanthone
Garcixanthone A
Garcixanthone B
Garcixanthone C
Euxanthone
Garmoxanthone
Mangostanazanthone III/VIII
Mangostanaxanthone IV/VII
Tovophylin A
gartanin
8-Deoxygartanin
Garcinone C
Garcinone E
Garcinone E
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role in its potent antioxidant properties (Guo et al. 2016). In 
the pericarp, α-mangostin constitutes approximately 69.1%, 
making it the dominant xanthone present (Wittenauer et al. 
2012). This high concentration contributes to the fruit's 
notable therapeutic effects, particularly its antioxidant, anti-
inflammatory, and anticancer properties.

Following α-mangostin, γ-mangostin is the second most 
abundant compound in the mangosteen pericarp, account-
ing for 17.6% of the xanthone content. γ-mangostin has also 
demonstrated significant biological activities, including anti-
inflammatory and anti-tumor effects. Other bioactive com-
pounds, making up the remaining 13.3%, include gartanin, 
8-deoxygartanin, garcinone E, and 1,3,7-trihydroxy-2,8-di-
(3-methylbut-2-enyl) xanthone (Wittenauer et al. 2012); 
Each of these compounds contributes to the overall phar-
macological profile of mangosteen, offering a wide range 
of health benefits, including antimicrobial, hepatoprotec-
tive, and neuroprotective effects (Plaza et al. 2021). These 
xanthones, particularly α- and γ-mangostin, have been the 
subject of numerous studies due to their potential in manag-
ing oxidative stress-related diseases, including cancer, car-
diovascular diseases, and neurodegenerative conditions. As 
research continues to uncover the therapeutic potential of 
these compounds, mangosteen's relevance in the nutraceuti-
cal and pharmaceutical industries continues to grow (Plaza 
et al. 2021).

Pericarp

Garcinia mangostana L. pericarp and exocarp are rich in 
various bioactive compounds, including phenolic acids, 
anthocyanins, isoprenylated xanthone derivatives, and 
procyanidins. Phenolic acids are well-known for their anti-
oxidant properties, which help combat oxidative stress and 
inflammation (Hartigh 2019). Anthocyanins, which provide 
the fruit with its distinctive purple hue, also contribute to 
its antioxidant and anti-inflammatory effects (Oliver et al. 
2020). Isoprenylated xanthones, a unique class of com-
pounds found predominantly in mangosteen, have garnered 
significant interest for their diverse therapeutic potential 
(Zhang et al. 2019). Procyanidins, another group of flavo-
noids, further enhance the fruit's beneficial properties (Weiss 
et al. 2017).

The bioactive content of mangosteen pericarp found 
higher levels of total phenols and flavonoids; Pusat et al. 
(2023) determinate the total phenol content at 219.37 mg 
GAE/g FEW, and the total flavonoid content was 201.84 mg 
QE/g FEW. This high concentration of bioactive compounds 
is attributed to the rich presence of flavonoids and phenolics 
in Garcinia mangostana. The study also identified several 
key phenolic acids and flavonoids in the extracts, including 
chlorogenic acid, vinyl acid, protocatechuic acid, p-coumaric 
acid, ferulic acid, gallic acid, caffeic acid, epicatechin, 

procyanidin, cyanidin 3-sophoroside, cyanidin 3-glucoside, 
myricetin, rutin, and quercetin (Zarena and Sankar 2012).

Mangosteen pericarp is particularly noted for its high 
content of prenylated xanthones, which have shown a wide 
range of biological activities. These xanthones are potent 
antioxidants and possess anticancer, anti-inflammatory, and 
antiproliferative properties (Musso et al. 2018; Oh et al. 
2020). For example, α-mangostin, one of the most studied 
xanthones, has demonstrated efficacy against various cancer 
cell lines, including those associated with cervical, gastric, 
colorectal, hepatocellular, and breast cancers (Williams and 
Downes 2017). Research indicates that α-mangostin can sig-
nificantly reduce multicellular tumor spheroids derived from 
breast cancer cell lines at a concentration of 30 μg/mL (Kiso 
et al. 2019).

Other notable bioactive xanthones from mangosteen 
include garcinone E and gartanin. Garcinone E has shown 
promise in inhibiting ovarian cancer cells (Zhang et al. 
2018), while gartanin is effective against cervical cancer cell 
lines. Gartanin has demonstrated cytotoxic effects against 
cervical cell lines, inducing apoptosis through caspase acti-
vation and downregulation of antiapoptotic proteins (Akao 
et al. 2008). Additionally, β-mangostin is recognized for its 
antibacterial and anti-inflammatory properties, and it has 
been investigated for its potential anti-carcinogenic effects, 
particularly against hepatocellular carcinoma (Jefferson et al. 
2018).

These findings underscore the therapeutic potential of 
mangosteen extracts in treating various health conditions 
and highlight the fruit's role as a valuable source of bioac-
tive compounds.

Seeds

Garcinia mangostana L. seeds contain flavonoids and xan-
thones during their development and germination phases. 
These compounds serve as a defensive strategy to protect 
the seeds' viability throughout their growth. According to 
Noor et al. (2016), mangosteen seeds contain significantly 
higher levels of these compounds compared to other Gar-
cinia species, such as Garcinia atroviridis, Garcinia shoul-
derniana, and Garcinia prainiana. The oil content of man-
gosteen seeds ranges from approximately 21–28% of their 
dry weight. In addition to starch and oil, mangosteen seeds 
contain sugars (e.g., glucose, fructose), amino acids (e.g., 
phenylalanine, tyrosine), lignin, and tannins (Williams and 
Downes 2017; Kiso et al. 2019). They also exhibit high total 
phenolic (TPC) and flavonoid (TFC) content, primarily due 
to compounds like xanthones and tannins. These bioactive 
components contribute to the seeds' strong antioxidant prop-
erties, offering protective effects against oxidative stress and 
potential health benefits.
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Aril (pulp)

The edible part of Garcinia mangostana L. contains a lower 
concentration of phytochemical compounds, such as phe-
nolic acids and flavonoids, compared to the peel, rind, and 
seeds. Agrawal et al. (Patil et al. 2021) conducted a compre-
hensive analysis to measure and compare the total phenolic 
content (TPC), total flavonoid content (TFC), and antioxi-
dant activity across different parts of the fruit. Their study 
revealed that the TPC in the edible aril was significantly 
lower at 2.64 μg/mL, compared to 8.56 μg/mL in the peri-
carp. Similarly, the TFC was also lower in the edible aril at 
6.56 μg/mL, while the pericarp exhibited a higher TFC of 
9.64 μg/mL. This discrepancy underscores the higher con-
centration of these bioactive compounds in the non-edible 
parts of the fruit.

Conversely, Zadernowski et al. (2009) reported that the 
yield of crude phenol extract from the aril was 6.8%, which 
is notably higher than the 5.8% yield from the peel. This 
finding suggests that the aril, despite having lower concen-
trations of phenolic compounds compared to the pericarp, 
still contributes significantly to the overall phenolic content 
of the fruit. The difference in extraction yields highlights 
the complex distribution of phenolic compounds within the 
different parts of the fruit.

In addition to phenolic acids, Vien et al. (2021) iden-
tified ten distinct phenolic acids present in mangosteen. 
Among these, p-hydroxybenzoic acid was found to be the 
predominant phenolic acid in the aril. The xanthone con-
tent in the aril includes several important compounds such 
as γ-mangostin, 8-deoxygartanin, 1,3,8-trihydroxy-4-meth-
ylxanthone, gartanin, α-mangostin, and garcinone E (Jung 
et al. 2006). These xanthones are known for their various 
health benefits, including antioxidant and anti-inflammatory 
properties.

Extraction technologies: current advances 
and techniques

For many years, there has been significant interest in 
obtaining bioactive compounds from various plant sources, 
along with the development and application of extraction 
methods. Traditional extraction techniques such as mac-
eration, Soxhlet extraction, and hydrodistillation have 
been widely used (Ortíz Aguilar et al. 2016). However, 
these conventional methods often require lengthy process-
ing times and substantial amounts of solvents, which can 
be inefficient and environmentally taxing (Chhouk et al. 
2016).

To address these limitations, more advanced extrac-
tion technologies have been proposed and investigated. 
Techniques such as microwave-assisted extraction (MAE) 
(Rodsamran and Sothornvit 2019), ultrasound-assisted 
extraction (UAE) (Tiwari 2015), and supercritical fluid 
extraction (SFE) (Ghasemzadeh et al. 2018). have emerged 
as promising alternatives. MAE uses microwave energy 
to heat solvents rapidly and uniformly, enhancing the 
extraction efficiency and reducing processing time. UAE 
employs ultrasonic waves to create cavitation bubbles in 
the solvent, improving the extraction of bioactive com-
pounds. SFE utilizes supercritical fluids, such as carbon 
dioxide, to extract compounds under high pressure and 
temperature, offering high selectivity and reducing the 
need for toxic chemical solvents. In the context of obtain-
ing bioactive compounds from plant sources, both con-
ventional methods and modern extraction technologies 
are utilized. In Table 2 outlines the different extraction 
techniques, emphasizing their respective benefits such as 
efficiency, yield, and ease of application, as well as poten-
tial drawbacks such as cost, time consumption, and the use 

Table 2   Advantages and disadvantages of extraction methods

Extraction method Advantages Disadvantages Reference

Solvent extraction Low cost, easy to implement, widely 
used

Use of toxic solvents, low selectivity, 
chemical residues

Azmir et al. (2013)

Hot water extraction Safe, cost-effective, no organic sol-
vents required

Low efficiency for non-polar com-
pounds, high temperature may 
degrade compounds

Plaza and Turner (2015)

Supercritical CO2 extraction High selectivity, no toxic residues, 
suitable for thermolabile compounds

High cost, requires specialized equip-
ment

Yuvanatemiya et al. (2022)

Ultrasound-assisted extraction Fast, efficient, enhances compound 
release

May degrade sensitive compounds, 
requires constant energy input

Chemat et al. (2017a)

Microwave-assisted extraction Fast, efficient, reduced solvent use High initial cost, risk of overheating Chemat et al. (2017a)
Pressurized liquid extraction [PLE] High efficiency, fast, reduced solvent 

use
High cost, requires specialized equip-

ment
Mustafa and Turner (2011)

Enzymatic extraction Selective, mild conditions, environ-
mentally friendly

Enzyme cost, longer processing time Puri et al. (2012)
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of harmful solvents. Table 3, on the other hand, provides a 
detailed comparison of the outcomes achieved using these 
methods, specifically focusing on the types and quantities 
of bioactive compounds extracted from Mangosteen, such 
as xanthones, flavonoids, and others.

Conventional extraction technique

Conventional extraction, commonly referred to as 
solid–liquid extraction [SLE], remains one of the most 
widely employed techniques for isolating bioactive com-
pounds from various plant sources (Barba et al. 2016a). This 
method relies on the extraction capacity of different solvents 
combined with the application of heat or agitation to facili-
tate the release of compounds from solid plant materials 
into a liquid phase (Jha and Sit 2022). The efficiency of SLE 
depends on several factors, including the choice of solvent, 
extraction time, temperature, and agitation speed. Solvents 
are selected based on their ability to dissolve the target 
compounds effectively, and adjustments in temperature and 
agitation can enhance the extraction process by increasing 
the solubility of the compounds and improving their release 
from the plant matrix (Barba et al. 2016a).

Maceration

Maceration is a widely used extraction technique that oper-
ates at room temperature (Jha and Sit 2022). This process 
involves grinding plant material to increase its surface area, 
which enhances the interaction between the material and 
the solvent [known as the menstruum]. By doing so, the 
extraction of bioactive compounds becomes more efficient. 
Once the solute and solvent are mixed, unit operations such 
as filtering and pressing are employed to isolate the desired 
extract. Maceration is advantageous due to its low invest-
ment costs and the ability to modulate selectivity based on 
the choice of solvent (Renard 2018).

Using the maceration technique, Pothitirat et al. (Pothiti-
rat et al. 2010a) prepared 95% ethanolic extracts of mango-
steen peel at room temperature for a duration of 10 days. 
This procedure resulted in an extract yield of 24.04% by dry 
weight. The extract had an α-mangostin content of 13.32%, 
a total phenolic content of 24.31 g GAE/100 g extract, and a 
tannin content of 39.52 g TAE/100 g extract. These findings 
indicate a significant presence of bioactive compounds in the 
mangosteen peel. In contrast, Naczk et al. (2011) reported 
that a crude extract from the mangosteen aril, using 70% 
aqueous ethanol, had a yield of 6.8% and a total phenol 
content of 9.3 g GAE/100 g. This data highlights that the 
phenolic content of the mangosteen peel extract is notably 
higher than that of the edible part of the fruit, demonstrating 
the peel's greater richness in bioactive compounds.

Soxhlet extraction

Soxhlet extraction is a standard technique often used as a 
benchmark for evaluating the efficiency of other solid–liq-
uid extraction methods (Barba et al. 2016b). This method 
involves continuously extracting an active component from 
a solid mixture by using a solvent. Soxhlet extraction is 
favored for its simplicity and applicability at elevated tem-
peratures, which enhances the extraction kinetics. It also 
offers the advantages of low initial costs, eliminates the need 
for filtration during the extraction process, and ensures con-
stant contact between the solvent and the sample throughout 
the extraction (Jha and Sit 2022).

According to Santong-aun et al. (Assawarachan et al. 
2011), the Soxhlet extraction (SE) method requires approxi-
mately 15 h to extract compounds from mangosteen peel 
using 95% ethanol. In their study, α-mangostin was extracted 
for 15 h at a temperature range of 65–70 °C. The results 
indicated a yield of 25.45% ± 0.22% w/w of dry powder; 
however, the percentage of α-mangostin obtained was 
relatively low compared to yields from other extraction 

Table 3   Literature results on extraction of bioactive compounds from mangosteen

Extraction method Compounds extracted Optimal conditions Yield References

Solvent extraction Xanthones [α-mangostin, 
γ-mangostin]

70% ethanol, 60 °C, 2 h 85–90% xanthone recovery Zadernowski et al. (2009) 

Supercritical CO2 extrac-
tion

Xanthones, polyphenols 40 °C, 300 bar, 2 h 95% xanthone recovery Yuvanatemiya et al. (2022)

Ultrasound-assisted extrac-
tion

Xanthones, flavonoids 50% ethanol, 40 °C, 30 min 92% xanthone recovery Chemat et al. (2017b)

Microwave-assisted extrac-
tion

Xanthones, tannins Water, 100 °C, 10 min 88% xanthone recovery Chemat et al. (2017a)

Pressurized liquid extrac-
tion [PLE]

Xanthones, polyphenols 50% ethanol, 100 °C, 
20 min

94% xanthone recovery Mustafa and Turner (2011)

ENZYMATIC Extraction Xanthones, polysaccha-
rides

Cellulase, 50 °C, pH 5, 4 h 80% xanthone recovery Puri et al. (2012)
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methods assessed in the same study, such as MAE took a 
shorter extraction time, and the higher α-mangostin content 
(49.79 ± 0.15% w/w of crude extract) than shaking-water-
bath extraction SWE (45.83 ± 0.02% w/w of crude extract) 
and SE (34.82 ± 0.17% w/w of crude extract).

Further research by Yoswathana and Eshtiaghi (2015) 
demonstrated that the extraction time significantly impacts 
the yield of α-mangostin. Their findings showed that increas-
ing the extraction time from 0.5 to 2 h resulted in a recovery 
of 41.41 mg/g of α-mangostin from the dry sample, high-
lighting the importance of optimizing extraction duration 
for maximizing yield. Additionally, Pothitirat et al. (2010b) 
reported a dry weight yield of 26.60 using 95% ethanol for 
Soxhlet extraction, with a total phenolic content of 24.83 g 
GAE/100 g. In contrast, when the ethanol concentration was 
reduced to 70%, the extract yield increased to 27.70%, and 
the total phenolic content rose to 26.88 g GAE/100 g. These 
variations illustrate how changes in solvent concentration 
can affect both the yield and phenolic content of the extract.

Hydrodistillation

Hydrodistillation is one of the oldest and still widely used 
extraction techniques for isolating bioactive compounds and 
essential oils from plant materials and fruit waste (Jha and 
Sit 2022). Unlike other methods, hydrodistillation does not 
rely on organic solvents and can be performed either before 
or after the dehydration of plant materials. There are three 
primary types of hydrodistillation: water distillation, water 
and steam distillation, and direct steam distillation.

In water distillation, plant materials are packed into a still, 
and water is added and brought to a boil. Alternatively, in 
direct steam distillation, hot steam is injected directly into 
the plant material. Both hot water and steam play crucial 
roles in facilitating the release of bioactive compounds 
from plant tissues (Azmir et al. 2013). This method pro-
vides several advantages over techniques like Soxhlet extrac-
tion and maceration, including the elimination of organic 
solvents, reduced need for pre-treatment of plant materials, 
and faster extraction times (Jha and Sit 2022). Hydrodistil-
lation is particularly effective for extracting essential oils 
from parts of Garcinia mangostana, such as the leaf and 
bark. This technique is widely used for extracting essential 
oils from various plant parts, including the leaf and bark, 
which are often rich in bioactive compounds with numer-
ous therapeutic properties. For example, hydrodistillation of 
Cinnamomum verum [cinnamon] bark yields essential oils 
rich in cinnamaldehyde, known for its antimicrobial and 
anti-inflammatory effects (Alizadeh Behbahani et al. 2020). 
Similarly, the leaves of Eucalyptus globulus produce essen-
tial oils rich in eucalyptol, a compound with well-known 
antiseptic and expectorant properties (Almas et al. 2021). 
Additionally, the leaves of Mentha piperita [peppermint] 

contain essential oils high in menthol, which are valued for 
their cooling sensation and digestive benefits (McKay and 
Blumberg 2006). These examples demonstrate the versatil-
ity of hydrodistillation in extracting essential oils from both 
the leaf and bark of various plants, each offering a unique 
set of bioactive compounds. The efficiency of hydrodistilla-
tion, like other extraction methods, is influenced by various 
factors including the choice of solvents, the molecular affin-
ity between the solvent and solute, mass transfer dynamics, 
and the use of co-solvents. Additionally, considerations for 
environmental safety and toxicity are crucial for ensuring 
the method's feasibility both from human and economic 
perspectives.

Microwave assisted extraction (MAE)

MAE is an advanced extraction technique that utilizes volu-
metric heating to efficiently extract desired compounds from 
natural sources (Ali et al. 2019). This method involves using 
microwave energy to heat polar solvents that are in contact 
with solid samples. The microwave irradiation facilitates the 
partitioning of compounds of interest between the sample 
and the solvent, leading to reduced extraction times, lower 
solvent consumption, and rapid energy transfer. The volu-
metric heating allows for effective diffusion of the solvent 
within the extraction medium, enhancing the overall effi-
ciency of the process (Dahmoune et al. 2015). As a result, 
MAE often produces higher extraction rates and more 
favorable outcomes in terms of cost-effectiveness. MAE has 
proven to be a highly effective alternative for extracting phy-
tocompounds from mangosteen, particularly α-mangostin 
from the fruit’s pericarp (Hiew et al. 2021). For example, 
MAE has been successfully used to extract xanthones from 
Garcinia mangostana (mangosteen), yielding high concen-
trations of bioactive compounds with antioxidant and anti-
inflammatory properties (Mohammad et al. 2019). Similarly, 
MAE has been applied to extract polyphenolic compounds 
from Hibiscus sabdariffa (roselle), enhancing the yield of 
anthocyanins and other antioxidants (Pimentel-Moral et al. 
2018). Additionally, MAE has been employed to extract 
essential oils and other bioactive compounds from Cinnamo-
mum zeylanicum (cinnamon) leaves, improving the recovery 
of antioxidant compounds (Kallel et al. 2019). However, it is 
important to note that polyphenolic compounds, including 
xanthones and flavonoids, are generally soluble in organic 
solvents and may require nonpolar solvents for optimal 
extraction and dissolution (Aizat et al. 2019c). Ghasemza-
deh et al. (2017) optimized a microwave-assisted protocol 
for extracting α-mangostin using ethyl acetate as a green 
solvent. Their study achieved a concentration of α-mangostin 
of 121.01 mg/g of dry matter within just 3.16 min, utilizing 
a microwave power of 189.20 W and a solvent extraction 
percentage of 70.20% v/v. Among the optimized extracts, 
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trans-ferulic acid and catechin were identified as the most 
abundant compounds.

Similarly, Hasan et al. (2016) reported a flavonoid content 
of 11.82% in extracts obtained within 32.9 min using 70% 
ethanol. This highlights the efficiency of MAE in extract-
ing flavonoids and other bioactive compounds. MAE has 
been successfully used to extract xanthones from Garcinia 
mangostana pericarp, under optimal conditions, including 
a microwave power of 600 W, extraction time of 5 min, and 
solvent concentration of 60% ethanol. This process yields 
high concentrations of bioactive compounds, including cate-
chin and quercetin, which are the primary flavonoids present 
in mangosteen pericarp, with antioxidant and anti-inflamma-
tory properties (Mohammad et al. 2019). Additionally, MAE 
can also be employed to extract other valuable compounds 
from mangosteen pericarp, including pectin, further demon-
strating its versatility and effectiveness in obtaining a range 
of technological compounds (Maulion and v.  2022).

Ultrasound (UAE)

UAE is an emerging green technology with significant 
potential across various technological processes (Moreira 
et al. 2019). This technique operates on principles similar to 
sound waves but at ultrasonic frequencies. Ultrasound waves 
generate a series of compression and rarefaction cycles that 
propagate through the medium, creating mechanical forces 
within the liquid (Vinatoru et al. 2017). When applied as 
an extraction method, ultrasound offers several advantages 
over conventional techniques, including reduced extraction 
times, lower temperatures, and higher yields (Moreira et al. 
2019). The effectiveness of ultrasound in enhancing extrac-
tion efficiency is attributed to its ability to generate cavita-
tion bubbles within the liquid. As these bubbles collapse, 
they create microjets that disrupt plant cell walls, facilitat-
ing the release of bioactive compounds (Cheok et al. 2012). 
UAE has been particularly effective in extracting phenolic 
compounds, anthocyanins, and flavonoids from mangosteen 
peel and pulp (Kallel et al. 2019). For instance, Muzykie-
wicz et al. (2020) investigated the antioxidant activity and 
polyphenol content in extracts from various edible parts of 
fresh Garcinia mangostana using UAE. The researchers 
evaluated the antioxidant activity and polyphenol content 
in extracts from various edible parts of fresh Garcinia man-
gostana (mangosteen) using Ultrasound-Assisted Extraction 
(UAE). They employed ethanol at varying concentrations 
(20%, 40%, 70%, and 96% v/v) and extraction times (15, 30, 
and 60 min). The results indicated that UAE, particularly 
with extraction times of 30 or 60 min and using ethanol con-
centrations higher than 20% (v/v), was an effective method 
for obtaining bioactive compounds. These conditions signifi-
cantly enhanced the antioxidant activity and polyphenol con-
tent, demonstrating the effectiveness of UAE for extracting 

polyphenols from the pericarp and pulp of mangosteen, thus 
highlighting its potential for improving the bioactive profile 
of mangosteen extracts.

Furthermore, Suryono et  al. (Suryono et  al. 2019) 
explored the impact of frequency, temperature, and soni-
cation time on the xanthone content of mangosteen peel 
extracts. The findings demonstrated that Ultrasound-
Assisted Extraction (UAE) outperformed conventional 
methods, with optimal extraction conditions achieved at a 
frequency of 40 kHz, a temperature of 35 °C, and a sonica-
tion time of 30 min. Under these conditions, the xanthone 
content in the mangosteen peel extract reached 93 ppm. 
In comparison, conventional extraction methods yielded a 
significantly lower xanthone content at the same frequency, 
temperature, and sonication time. This study highlights the 
superior performance of UAE in extracting valuable bioac-
tive compounds, emphasizing its advantages over traditional 
extraction techniques. Overall, UAE proves to be a highly 
efficient and environmentally friendly method for extracting 
bioactive compounds from plant sources, including mango-
steen, by enhancing yields and reducing processing times.

Supercritical fluid‑assisted extraction [SFE]

SFE is an advanced green technology that has continuously 
evolved to enhance the separation of bioactive compounds 
from natural materials. This technique utilizes supercriti-
cal fluids, which possess both liquid and gaseous proper-
ties when subjected to temperatures and pressures above 
their critical points. Due to their relatively low viscosities 
and high diffusivities, supercritical fluids can significantly 
improve diffusion and mass transfer, thereby reducing 
extraction times (Uwineza and Waśkiewicz 2020). Addition-
ally, the density of supercritical fluids is higher than that of 
gases but similar to that of liquids, which enhances their 
solvation power.

Among the various supercritical fluids, supercritical car-
bon dioxide (CO2) is the most commonly employed solvent 
for extracting bioactive compounds from plant materials 
(Capuzzo et al. 2013). CO2 is favored because it is non-toxic, 
environmentally friendly, and has a relatively low critical 
pressure (73.8 bar) and temperature (31.2 °C). These proper-
ties prevent oxidation of the extracts and facilitate easy sepa-
ration of the extract from the solvent due to CO2

’s volatility. 
Furthermore, CO2 is cost-effective, colorless, and odorless. 
To enhance the extraction of polar compounds, cosolvents 
such as ethanol are often used in combination with super-
critical CO2. Ethanol is particularly effective due to its low 
boiling point and its ability to be easily separated from the 
final extract (Moreira et al. 2019).

SFE technology offers a promising alternative for the 
extraction of α- and γ-mangostin from mangosteen peel. For 
example, in a study by Lee et al. (2019) SFE was employed 
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to extract α-mangostin from mangosteen pericarp using 
supercritical CO₂ as the solvent. The extraction conditions 
included pressures ranging from 30 to 40 MPa, a temperature 
of 60 °C, and a CO₂ flow rate of 1.7 g/min, with the addition 
of virgin coconut oil (VCO) as a co-extractant at concentra-
tions ranging from 0 to 20%. The results showed that both 
the mangosteen pericarp extract (MPE) yield and the extrac-
tion efficiency increased with the amount of co-extractant 
added. The highest yield of MPE (17%) was achieved at 
a pressure of 35 MPa and 20% VCO. Furthermore, the 
scCO₂-extracted MPE exhibited a higher bio-accessibility of 
α-mangostin (91%) compared to the α-mangostin extracted 
using ethanol (30%) or hexane (50%). This study highlights 
that the combination of supercritical CO₂ extraction with 
virgin coconut oil as a co-extractant provides an efficient 
method for producing high bio-accessible α-mangostin 
from mangosteen pericarp. Thus, supercritical CO2 extrac-
tion used with virgin coconut oil co-extractant provides a 
method for producing high bio-accessible α-mangostin from 
mangosteen pericarp extract. The process was also eco-
friendly, as it avoids the use of toxic solvents typically asso-
ciated with conventional extraction methods. This method 
is efficient in isolating xanthones without requiring large 
volumes of chemicals or complex equipment. For instance, 
Chhouk et al. (2016) investigated the use of a hydrothermal 
process combined with supercritical CO2 for extracting bio-
active compounds from mangosteen pericarp. Their study 
achieved an optimal extraction yield of 39.9% w/w. These 
studies demonstrate the effectiveness of SFE and its varia-
tions in optimizing the extraction of valuable compounds 
from mangosteen.

Enzymatic extraction of Garcinia mangostana

Enzymatic extraction is an efficient and eco-friendly method 
employed to recover bioactive compounds from Garcinia 
mangostana, commonly known as mangosteen, which is 
renowned for its rich content of xanthones, polyphenols, 
and antioxidants. This technique involves the use of spe-
cific enzymes to break down plant cell walls, facilitating 
the release of these bioactive compounds into the extraction 
solvent (Han et al. 2024) Mechanism of Enzymatic Extrac-
tion: Enzymatic extraction typically utilizes cellulase, pec-
tinase, or hemicellulase, which target the structural polysac-
charides like cellulose, hemicellulose, and pectin in the cell 
wall. These enzymes effectively degrade the cell wall matrix, 
releasing the valuable phytochemicals present in the mango-
steen pericarp [outer rind] and pulp. The process can be opti-
mized by adjusting factors such as enzyme concentration, 
temperature, pH, and extraction time, to maximize the yield 
of desired bioactive compounds (Tan et al. 2023). Advan-
tages of Enzymatic Extraction. Higher Yield: Enzyme-
assisted extraction can enhance the recovery of bioactive 

compounds, particularly those that are difficult to extract 
using conventional methods such as solvent extraction or 
maceration. Selective Extraction: Enzymatic methods allow 
for the selective extraction of specific compounds, improv-
ing the purity of the final extract (Jung et al. 2006). Eco-
friendly: This method reduces the use of organic solvents, 
making it a more sustainable and environmentally friendly 
option for bioactive compound recovery (Zamarudin et al. 
2023). Mangosteen has garnered interest due to its high 
antioxidant potential, attributed primarily to the presence 
of xanthones such as alpha-mangostin. Enzymatic extrac-
tion allows for the isolation of these xanthones, which are 
known for their anti-inflammatory, anticancer, and antimi-
crobial properties. The extracted compounds have applica-
tions in the food, pharmaceutical, and cosmetic industries 
(Zamarudin et al. 2023). A study by Moh Moh Han., et al. 
(2024) demonstrated that cellulase and pectinase enzymes 
were used to extract xanthones from mangosteen rind, yield-
ing higher amounts of antioxidant compounds compared to 
traditional solvent-based methods. The study showed that 
optimizing enzyme concentration and extraction time led to 
a significant improvement in both the extraction yield and 
the antioxidant activity of the final extract. 

Conclusions

Garcinia mangostana L. is a rich source of biologically 
active substances, including phenolic compounds, anthocy-
anins, flavonoids, and isoprenylated xanthone derivatives, 
with α-mangostin being the principal compound known for 
its potent antioxidant properties. These bioactive compounds 
offer significant potential for applications in the develop-
ment of functional foods and pharmaceutical products, 
thanks to their diverse health benefits. Conventional extrac-
tion techniques, such as maceration, Soxhlet extraction, and 
hydrodistillation, have demonstrated effectiveness in isolat-
ing bioactive compounds from mangosteen. Despite their 
efficiency, these methods have notable drawbacks, including 
lengthy extraction times and substantial solvent usage. Nev-
ertheless, their low initial investment costs and simplicity 
have maintained their relevance in many laboratories and 
industries. In recent years, there has been growing interest 
in advanced extraction technologies that address some of 
the limitations of conventional methods. Techniques such 
as MAE, UAE, and SFE offer several advantages, includ-
ing reduced extraction times, lower solvent consumption, 
and enhanced extraction yields. These methods are con-
sidered more environmentally friendly and cost-effective 
in the long run, owing to their ability to minimize the use 
of toxic solvents and reduce overall processing time. Over-
all, while conventional methods remain widely used due 
to their practicality and cost-effectiveness, the integration 
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of advanced extraction technologies presents a promising 
direction for optimizing the extraction of valuable bioactive 
compounds from mangosteen. These newer technologies not 
only improve the efficiency and sustainability of the extrac-
tion process but also hold the potential for enhancing the 
quality and yield of bioactive compounds, paving the way for 
more innovative applications in the food and pharmaceutical 
industries.
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