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Abstract

Mangosteen (Garcinia mangostana L.) belonging to the family Clusiaceae, a tropical fruit that is highly
prized for its deliciously tasting edible aril, which is enclosed in an inedible dark-purple rind that is
considered as waste but is as rich source of anthocyanin pigment. The experiment was conducted with an
objective to evaluate the free radical scavenging activity of the anthocyanin pigment concentrate obtained
by different extraction methods of Mangosteen fruit peel, which included aqueous (distilled water)
extraction, acidified aqueous (1% citric acid), solvent extraction (50% ethanol), acidified solvent (50%
ethanol with 1% citric acid) extraction and Microwave Assisted Extraction (MAE) with acidified solvent
(50% ethanol with 1% citric acid). The results revealed that significantly higher (86.37+0.77) free radical
scavenging activity was seen in MAE extraction method using acidified solvent (50% ethanol with 1%
citric acid), whereas it was lower (56.25+0.77) in aqueous extraction method. Using MAE and acidified
ethanol as the solvent, antioxidants can be effectively extracted in the anthocyanin pigment concentrate
from Mangosteen peel resulting in higher free radical scavenging activity with hydrogen peroxide (H202)
assay. Given the current need for plant-based colourants with more health benefits, further studies are
needed to ascertain the pigment's antioxidant property utilizing various assays.

Keywords: Mangosteen fruit peel, anthocyanin pigment, extraction, hydrogen peroxide, scavenging
activity

1. Introduction
The search for natural sources that could deliver active compounds to counteract the effects of
free radicals on cells has grown in recent years. Hence, there have been a lot more studies on
natural antioxidants (Ghasemzadeh et al., 2018) [/l. Mangosteen is a tropical fruit that is highly
prized for its deliciously tasting edible aril. But, the edible portion makes up only 30% of the
total fruit, while the remaining pericarp and seed are regarded as waste (Osman and Milan,
2006) 81, The recent studies have shown that the pericarp extract of the mangosteen is the
primary sources of phytonutrients such as anthocyanins, oligometric proanthocyanins and
xanthones and so there have been several reports on its antioxidant, antimicrobial, antidiabetic,
antiproliferative, and anticancer capabilities (Geetha et al., 2011; Ghasemzadeh et al., 2018;
Kosem et al., 2013; Lacombe et al., 2010; Moongkarndi et al., 2004; Sze Lim et al., 2013;
Taher et al., 2016; Tjahjani et al., 2014; Zafra-Stone et al., 2007; Zarena and Sankar, 2012) ©
7,11,12,17, 22, 23, 25, 27, 28]_
Anthocyanins are known for their high antioxidant properties which by giving the hydrogen
atom to free radicals, they can either directly scavenge free radicals or indirectly prevent them
by chelating free metal ions (Mishra et al., 2013) !, The body needs antioxidants to stop free
radicals, enhance health and boost immunity (Kondo et al., 2009) [%. The free radicals viz.,
single oxygen (*Oy), hydrogen peroxide (H20,), superoxide radical ("O2) and hydroxyl radical
("OH) are chemical substances that can exist individually with one or more unpaired electrons,
produced as undesirable byproducts (Das and Roychoudhury, 2014) [, Free radical production
can result in thousands of reactions and significant tissue damage, which in turn leads to harm
DNA, proteins and lipids (Basile et al., 1999; Sreejayan, 1997) [ 21, It is believed that the
antioxidants in Mangosteen rind have a significant role in promoting health benefits and
preventing various ailments (Gondokesumo et al., 2019) [, In this context, Mangosteen is not
only used as food but it is also used as functional food, especially its peel which has the
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highest level of phytonutrients compared to the other parts of
the fruit (Wittenauer et al., 2012) 26l These phytonutrients
which mainly contains anthocyanins can be successfully used
as food colourant that increases the aesthetic value of food as
well as significantly adds value to the food in terms of
nutrients.

Extraction is a vital first step in obtaining the active chemicals
from plant materials (Jeyaraj et al., 2020) ! and to generate
the best yield with the highest concentration of the target
compounds, one must choose an efficient extraction method
(Gamage et al., 2021) 1, Because anthocyanins are sensitive
to heat, light, acids and alkalis, it is essential to apply the right
extraction method in order to recover the maximum quantity
possible without compromising their quality (Chandrasekhar
et al., 2012; Jeyaraj et al., 2020) [ °1. With this background,
the experiment was conducted with an objective to evaluate
the free radical scavenging activity of the anthocyanin
pigment concentrate obtained by different extraction methods
of mangosteen fruit peel.

2. Materials and Methods

The study was conducted in the year 2021-22 at Department
of Post-Harvest Technology, College of Agriculture,
Vellanikara, Kerala Agricultural University, Thrissur, Kerala,
India.

2.1 Sample preparation

Based on a colour index that displays a purple-black colour on
the mangosteen fruit skin at the sixth stage of development,
fresh fruits with uniform colour were chosen (Palapol et al.,
2009) 391 The fruits were properly cleaned with distilled
water before being shade-dried to eliminate extra moisture.
Using a stainless steel peeler, the exocarp was peeled. The
peel was then dried in a cabinet dryer at 40+2 °C until it
reached a consistent weight, and then it was powdered in a
commercial blender, and sieved through an 80 mesh size
sieve. The peel powder was then sealed in a laminated pouch
of aluminium foil and kept in the freezer until pigment
extraction.

2.2 Extraction of anthocyanin pigment

The extraction was done using the traditional solid-liquid
extraction method, which included: T1 - Aqueous (distilled
water) extraction; T, - Acidified aqueous (1% citric acid); Ts -
Solvent extraction; T4 - Acidified solvent extraction; and Ts -
Microwave assisted extraction with acidified solvent (50%
ethanol with 1% citric acid). At a temperature of 45 °C, the
sample was agitated in the solvent for 45 min.

The solvent and plant samples were mixed in a 1:20 (w/v)
ratio. In the case of microwave-assisted extraction, the sample
was combined in the same ratio with an acidified solvent
(50% ethanol with 1% citric acid), and the tube containing the
suspension was exposed to microwave radiation at 300W for
120s while the temperature was kept between 45 and 50 °C.
Filter paper was used to filter the extract. A rotary vacuum
evaporator (Heidolph rotary evaporator, Germany) was used
to collect and evaporate the filtrate at 60 °C and 114 mbar
(Azima et al., 2017) ™. The concentrated filtrates were stored
under refrigeration (4—7 °C) in glass vials with an aluminium
foil laminated pouch until analysis.

2.3 Hydrogen peroxide (H20:) scavenging activity (%)
The free radical scavenging activity of the anthocyanin
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pigment concentrate was determined by hydrogen peroxide
assay (Mahendran et al., 2021) 3, Hydrogen peroxide (10
mM) solution was prepared in phosphate buffered saline (0.1
M, pH 7.4). One mL of the pigment sample was rapidly
mixed with two mL of hydrogen peroxide solution. The
absorbance was measured at 230 nm in the UV
spectrophotometer (Agilent Cary 60 Spectrophotometer,
Australia) after 10 min of incubation at 37 °C against a blank
(distilled water with hydrogen peroxide solution). The
percentage of scavenging of hydrogen peroxide was
calculated using the following formula.

Ag — Ay

Perccentage scavenging (H,0,) = x 100

0

In which, A, and A is the Absorbance of control and sample,
respectively.

2.4 Statistical analysis

The experiment was carried out in triplicates and results were
expressed as mean values with standard deviation (£SD)
(Panse and Sukhatme, 1989) [%. One-way analysis of
variance (ANOVA) was carried out to determine significant
group differences (p<0.05) between means. Duncan Multiple
Range Test (DMRT) was used to compare mean values.

3. Results and discussion

The free radical scavenging ability of anthocyanin pigment
concentrates of Mangosteen fruit peel was measured using
hydrogen peroxide scavenging activity (%). The results
related to the H,O; scavenging activity are presented in Figure
1.

Hydrogen peroxide scavenging activity (%)
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Fig 1: Hydrogen peroxide scavenging activity (%) of anthocyanin
pigment concentrates of Mangosteen fruit peel

(T1) Aqueous (T2) Acidified aqueous with 1% citric acid (T3)
Solvent — 50% ethanol (T4) Acidified solvent — 50% ethanol
with 1% citric acid (Ts) Microwave assisted extraction with
acidified solvent — 50% ethanol with 1% citric acid

In the present study, all the extraction techniques yielded
anthocyanin pigment concentrates that showed effective at
reducing free radicals. Significantly higher (86.37+0.77) free
radical scavenging activity was observed in MAE extraction
method using acidified solvent (50% ethanol with 1% citric
acid), whereas it was lower (56.25+0.77) in aqueous
extraction method. In microwave assisted extraction method,
microwave radiation is used as a heating medium and this
method provides better temperature control than other
techniques, making it more practical for extracting
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thermolabile antioxidant chemicals (Megawati et al. 2019;
Thirugnanasambandham and Sivakumar 2017) [ 24,
Similarly phenolic concentration of Mangosteen peel extract
was also affected by microwave power, wherein longer the
extraction time, more is the phenolic concentration in the
extract (Meghawati et al., 2020) 151,

4. Conclusion

Mangosteen fruit is well-known for its deliciously tasting
fleshy aril which is covered with inedible dark purple rind that
is rich in anthocyanin pigment. Using MAE and acidified
ethanol as solvent, antioxidants can be effectively extracted in
the anthocyanin pigment concentrate from Mangosteen peel
resulting in higher free radical scavenging activity using H,O,
assay. Given the current need for plant-based colourants with
more health benefits, further studies are needed to ascertain
the pigment's antioxidant property utilizing various assays.

5. Acknowledgement

The authors are thankful to Directorate of Research, Kerala
Agricultural University, Thrissur, Kerala, India for the
financial assistance [Grant number: R7/64803/2020 dated
16.03.2021] to undertake the study.

6. References

1. Azima, AS, Noriham A, Manshoor N. Phenolics,
antioxidants and color properties of aqueous pigmented
plant extracts: Ardisia colorata var. elliptica, Clitoria
ternatea, Garcinia mangostana and Syzygium cumini.
Journal of Functional Foods. 2017;38:232-241.
https://doi.org/10.1016/j.jff.2017.09.018

2. Basile A, Giordano S, Lopez-Sacz JA, Cobianchi RC.
Antibacterial activity of pure flavonoids isolated from
mosses. Phytochemicals. 1999;52:1479-1482.

3. Chandrasekhar J, Madhusudhan MC, Raghavarao KSMS.
Extraction of anthocyanins from red cabbage and
purification using adsorption. Food and Bioproducts
Processing. 2012;90(4):615-623.

DOI: 10.1016/j.fbp.2012.07.004.

4. Das K, Roychoudhury A. Reactive oxygen species (ROS)
and response of antioxidants as ROS-scavengers during
environmental stress in plants. Frontiers of
Environmental Science & Engineering. 2014;2:53. DOI:
10.3389/fenvs.2014.00053

5. Gamage GCV, Lim YY, Choo WS. Anthocyanins from
Clitoria ternatea flower: Biosynthesis, extraction,
stability, antioxidant activity, and applications. Frontiers
in Plant Science. 2021;12:792303.
https://doi.org/10.3389/fpls.2021.792303.

6. Geetha R, Roy A, Lakshmi T. Evaluation of antibacterial
activity of fruit rind extract of Garcinia mangostana L.
on enteric pathogens-An in vitro study. Asian Journal of
Pharmaceutical and Clinical Research. 2011;4:115-118.

7. Ghasemzadeh A, Jaafar HZE, Baghdadi A, Tayebi-
Meigooni A. Alpha-Mangostin-Rich extracts from
mangosteen pericarp: Optimization of green extraction
protocol and evaluation of biological activity. Molecules.
2018;23(8):1852.
https://doi.org/10.3390/molecules23081852

8. Gondokesumo ME, Pardjianto B, Sumitro SB, Widowati
W, Handono K. Xanthones analysis and antioxidant
activity analysis (applying ESR) of six different maturity
levels of Mangosteen rind extract (Garcinia mangostana

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

~1335 7™

https://www.thepharmajournal.com

Linn.). Pharmacognosy Journal. 2019;11(2):369-73.
Jeyaraj EJ, Lim YY, Choo WS. Extraction methods of
butterfly pea (Clitoria ternatea) flower and biological
activities of its phytochemicals. Journal of Food Science
and Technology. 2020;58:2054-2067.

DOI: 10.1007/s13197-020-04745-3

Kondo M, Zhang L, Ji H, Kou Y, Ou B. Bioavailability
and antioxidant effects of a xanthone-rich mangosteen
(Garcinia mangostana L.) product in humans. Journal of
Agriculture and Food Chemistry. 2009;57:8788-8792.
Kosem N, Ichikawa K, Utsumi H, Moongkarndi P. In
vivo toxicity and antitumor activity of mangosteen
extract. Journal of Natural Medicines. 2013;67:255-263.
Lacombe A, Wu VCH, Tyler S, Edwards K.
Antimicrobial action of the American cranberry
constituents; phenolics, anthocyanins, and organic acids
against Escherichia coli 0157:H7. The International
Journal of Food Microbiology. 2010;139:102-107.
Mahendran S, Maheswari P, Sasikala V, Rubika J,
Pandiarajan J. In vitro antioxidant study of polyphenol
from red seaweeds dichotomously branched gracilaria
Gracilaria edulis and robust sea moss Hypnea valentiae.
Toxicology reports.2021;8:1404-1411.

Megawati, Fardhyanti DS, Sediawan WB, Hisyam A.
Kinetics of mace (Myristicae arillus) essential oil
extraction using microwave assisted hydrodistillation:
effect of microwave power. Industrial Crops and
Products. 2019;131:315-322.
https://doi.org/10.1016/j.indcrop.2019.01.067

Megawati, Ginting, RR, Kusumaningtyas RD, Sediawan
WB. Mangosteen peel antioxidant extraction and its use
to improve the stability of biodiesel B20 oxidation. In:
Zakaria Z, Aguilar C, Kusumaningtyas R, Binod P.
Valorisation of Agro-industrial residues — Volume II:
Non-Biological Approaches. Part of the Applied
Environmental Science and Engineering for a Sustainable
Future. Springer, Cham, 2020, 29-61.
https://doi.org/10.1007/978-3-030-39208-6_2

Mishra A, Kumar S, Pandey AK. Scientific validation of
the medicinal efficacy of Tinospora cordifolia. The
Scientific World Journal. 2013, 1-8.

Moongkarndi P, Kosem N, Kaslungka S, Luanratana O,
Pongpan N, Neungton N. Antiproliferation, antioxidation
and induction of apoptosis by Garcinia mangostana
(Mangosteen) on SKBR3 human breast cancer cell line.
Journal of Ethnopharmacology. 2004;90:161-166.

Osman M, Milan AR. Mangosteen (Garcinia
mangostana L.). Centre for Underutilized Crops,
University of Southampton, UK, 2006.

Palapol Y, Ketsa S, Stevenson D, Cooney JM, Allan AC,
Ferguson IB. Colour development and quality of
Mangosteen (Garcinia mangostana L.) fruit during
ripening and after harvest. Postharvest Biology and
Technology. 2009;51:349-353.
http://dx.doi.org/10.1016/j.postharvbio.2008.08.003
Panse VG, Sukhatme PV. Statistical methods for
agricultural workers. New Delhi: Indian Council of
Agricultural Research, 1989.

Sreejayan R. Nitric oxide scavenging by curcuminoids.
Journal of Pharmacy and Pharmacology. 1997;49:104-
107.

Sze Lim Y, Sze Hui Lee S, Chin Tan B. Antioxidant
capacity and antibacterial activity of different parts of


https://www.thepharmajournal.com/

The Pharma Innovation Journal

23.

24.

25.

26.

217.

28.

Mangosteen (Garcinia mangostana Linn.) extracts.
Fruits. 2013;68(6):483-489.

DOI: 10.1051/fruits/2013088.

Taher M, Tg Zakaria TM, Susanti D, Zakaria ZA.
Hypoglycaemic activity of ethanolic extract of Garcinia

mangostana Linn. In normoglycaemic and
streptozotocin-induced diabetic rats. BMC
Complementary and Alternative Medicine.

2016;16(1):135.

Thirugnanasambandham K, Sivakumar V. Microwave
assisted extraction process of betalain from dragon fruit
and its antioxidant activities. Journal of Saudi Society of
Agricultural Sciences. 2017;16(1):41-48. https://doi.
0rg/10.1016/j.jssas.2015.02.001

Tjahjani S, Widowati W, Khiong K, Suhendra A,
Tjokropranoto R. Antioxidant properties of Garcinia
mangostana L. (Mangosteen) rind. Procedia Chemistry.
2014;13:198-203.

Wittenauer J, Falk S, Schweiggert-Weisz U, Carle R.
Characterisation and quantification of xanthones from the
aril and pericarp of Mangosteens (Garcinia mangostana
L.) and a Mangosteen containing functional beverage by
HPLC-DAD-MS. Food Chemistry. 2012;134(1):445-452.
DOI: 10.1016/j.foodchem.2012.02.094.

Zafra-Stone S, Yasmin T, Bagchi M, Chatterjee A,
Vinson JA, Bagchi D. Berry anthocyanins as novel
antioxidants in human health and disease prevention.
Molecular Nutrition and Food Research. 2007;51:675-
583.

Zarena A, Sankar KU. Phenolic acids, flavonoid profile
and antioxidant activity in Mangosteen (Garcinia
mangostana L.) pericarp. Journal of Food Biochemistry.
2012;36:627-633

~1336 7™

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

