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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of
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SYSTEM

By
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January 2022

Chair : Prof. Tan Chin Ping, PhD
Faculty : Food Science and Technology

Garcinia mangostana or generally known as mangosteen is one of the abundant plants
utilized in numerous applications. Mangosteen pericarp which is supposedly become
fruit waste is the predominantly part of plants being reviewed. These agro-food residues
are worth to study because it can be one of the attractive sources of polyphenols and to
replace the usage of the synthetic food antioxidants. Once the usage of mangosteen
pericarp has becoming more popular to be investigated, it may bring positive impact in
reducing the environmental pollution. Nevertheless, most of the earlier research on the
extraction of mangosteen pericarp were studied by using solvent extraction methods but
aqueous extraction of the mangosteen pericarp is still scarce. Thus, in this study, agueous
extraction of mangosteen pericarp was explored with the assisted of enzymes to obtain
the bioactive compounds which can be used in food applications. Firstly, water extraction
of mangosteen pericarp with the assistance of Celluclast® 1.51 and Pectinex Ultra SPL
enzymes was optimized with fractional factorial design by response surface
methodology. Optimized conditions obtained were 1.50% w/w of enzymes
concentration, 18.75 liquid-solid ratio, reaction temperature at 30°C, pH 3 and reaction
time of 30 min and resulted 86.51% of DPPH, 86.77% of ABTS and 21.222 mg GAE/g
of total phenolic content. Optimized mangosteen pericarp extract tentatively being
identified to contain smeaxanthone m/z 395, apigenin-6-C-glucoside m/z 431,
garcimangosone-C m/z 411, a-mangostin m/z 409, gartanin m/z 395, 1,5-dihydroxy-3-
methoxy-2-(3-methyl-2-buten-1-yl)-9H-xanthen-9-one m/z 325, 8-desoxygartanin m/z
379 and y-mangostin m/z 395 based on different retention times, m/z ratios and fragment
ions identified by LC-MS/MS. Secondly, mangosteen pericarp extract possessed
inhibition activity on four strains of bacteria, Streptococcus pyogenes, Staphylococcus
aureus, Streptococcus mutans and Porphyromonas gingivalis with same MIC and MBC
values at 15.63 pg/mL, 62.50 pg/mL, 125 pg/mL and 125 pg/mL. MTT assay was
performed to evaluate the cytotoxicity level of the mangosteen pericarp extract and the
result obtained showed that the optimized extract was nontoxic to the human embryonic
kidney cell line, HEK293. Thirdly, two types of functional foods were developed, one
was mangosteen pastilles (solid) and another one was mangosteen ready-to-drink



beverage (liquid). Three different formulations of functional foods for each category
were developed and physicochemical stability and sensory evaluation were performed
for storage period of 8 weeks. Moisture content, water activity, color, texture profile
analysis and microbiological analysis for the mangosteen pastilles were determined. The
moisture content and water activity of the mangosteen pastilles were decreased during
storage and the color lightness of the mangosteen pastilles was significantly reduced
(p<0.05) during storage stability study. Three formulations of mangosteen pastilles were
proven to be shelf life stable. Formulation A with the highest amount of optimized
mangosteen pericarp extract, gelatin and carrageenan gum has the highest scores for the
aroma, texture, color and overall acceptability. Lastly, pH, total soluble solid, viscosity,
color, microbiological analysis and antioxidant capacity (DPPH, ABTS and total
phenolic content) of the mangosteen ready-to-drink beverage were performed and
observed. A minimal increase in the total soluble solid content and significantly increase
(p<0.05) of pH for the three formulations of mangosteen ready-to-drink beverage was
observed during 8 weeks of storage stability study. For the first 4 weeks of storage, no
microbial count, yeast and mold were detected, however, microbial growth was visible
after storage for 4 weeks. Antioxidant capacities and total phenolic content of the
mangosteen ready-to-drink beverage decreased during storage study. From the result
obtained through the sensory evaluation, there’s no significant difference was seen
among the three formulations of mangosteen ready-to-drink beverage; however, the most
acceptable formulation of the mangosteen ready-to-drink beverage is formulation A
which has the highest amount of optimized mangosteen pericarp extract, mangosteen
puree and apple juice concentrate. Enzyme-assisted water extraction of mangosteen
pericarp is a green technique that is worth to explore especially for food manufacturer.
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Garcinia mangostana atau umumnya dikenali sebagai manggis merupakan salah satu
tanaman yang digunakan dalam banyak aplikasi. Kulit manggis yang sepatutnya menjadi
sisa buah-buahan adalah bahagian pokok yang paling kerap dikaji. Sisa agro-makanan
tersebut berbaloi untuk dikaji kerana ia akan menjadi salah satu sumber polifenol yang
menarik dan dapat menggantikan pengunaan antioksidan makanan yang sintetik. Apabila
penggunaan kulit manggis semakin popular untuk dikaji, ia mungkin akan membawa
impak positif dalam pengurangan pencemaran alam sekitar. Namun demikian,
kebanyakkan kajian terdahulu mengenai pengekstrakan kulit manggis adalah
menggunakan kaedah pengekstrakan pelarut tetapi pengekstrakan akueus kulit manggis
masih jarang dikaji. Justeru itu, dalam kajian ini, pengekstrakan akueus kulit manggis
dengan bantuan enzim telah dikaji untuk menghasilkan sebatian bioaktif yang boleh
digunakan dalam aplikasi makanan. Pertama sekali, kulit manggis diekstrak dengan cara
pengekstrakan akueus dengan bantuan enzim Celluclast® 1.5 dan Pectinex Ultra SPL
dan dioptimumkan dengan reka bentuk faktorial pecahan dengan metodologi respons
permukaan. Keadaan optimum yang diperolehi adalah kepekatan enzim 1.46% wiw,
nishah cecair-pepejal 22.80, suhu tindak balas pada 30°C, pH 3 dan masa reaksi 30 minit
dan menghasilkan 86.51% DPPH, 86.77% ABTS dan 21.222 mg GAE/g jumlah
kandungan fenolik. Ekstrak kulit manggis sementara dikenal pasti mengandungi
smeaxanthone m/z 395, apigenin-6-C-glucoside m/z 431, garcimangosone-C m/z 411, a-
mangostin m/z 409, gartanin m/z 395, 1,5-dihydroxy-3-methoxy-2- (3-metil-2-buten-1-
yl ) -9H-xanthan-9-one m/z 325, 8-desoxygartanin m/z 379 dan y-mangostin m/z 395
berdasarkan masa pengekalan yang berbeza , nisbah m/z dan ion pecahan yang dikenal
pasti oleh LC-MS/MS. Seterusnya, ekstrak kulit manggis didapati mempunyai aktiviti
perencatan pada empat jenis bakteria, Streptococcus pyogenes, Staphylococcus aureus,
Streptococcus mutans dan Porphyromonas gingivalis dengan nilai MIC dan MBC yang
sama pada 15.63 pg/mL, 62.50 pg/mL, 125 pg/mL dan 125 pg/mL. Ujian MTT
dilakukan untuk menilai tahap sitotoksisiti ekstrak kulit manggis dan hasil yang
diperoleh menunjukkan bahawa ekstrak yang dioptimumkan tidak beracun pada sel
ginjal embrio manusia, HEK?293. Ketiga, dua jenis makanan berfungsi telah
diformulasikan, satu adalah manggis pastil (pepejal) dan satu lagi minuman manggis siap



diminum (cecair). Tiga formulasi makanan berfungsi yang berbeza untuk setiap kategori
dikembangkan dan kestabilan fizikokimia dan penilaian deria dilakukan dalam tempoh
penyimpanan selama 8 minggu. Kandungan kelembapan, aktiviti air, warna, analisis
profil tekstur dan analisis mikrobiologi untuk pastil manggis telah ditentukan.
Kandungan kelembapan dan aktiviti air manggis pastil didapati menurun semasa
penyimpanan dan keterangan warna manggis pastil juga berkurang dengan ketara
(p<0.05) semasa kajian kestabilan penyimpana. Tiga formulasi manggis pastil telah
terbukti adalah stabil dalam tempoh jangka hayat. Formulasi A dengan jumlah ekstrak
kulit manggis yang dioptimumkan, gelatin dan gam karragenan mempunyai skor
tertinggi untuk aroma, tekstur, warna dan penerimaan secara keseluruhan. Akhir sekali,
pH, jumlah pepejal larut, kelikatan, warna, analisis mikrobiologi dan kapasiti
antipengoksidaan (DPPH, ABTS dan kandungan fenolik total) manggis siap diminum
dilakukan dan diperhatikan. Peningkatan minimum dalam keseluruhan kandungan
pepejal larut dan peningkatan pH adalah ketara (p<0.05) untuk ketiga-tiga formulasi
minuman manggis siap diminum selama 8 minggu kajian kestabilan penyimpanan. Pada
penyimpanan 4 minggu pertama, tidak ada kiraan mikrob, yis dan kulat dikesan, namun
setelah 4 minggu penyimpanan, terdapat pertumbuhan mikrob dalam minuman manggis
siap diminum. Kapasiti antioksidan dan jumlah kandungan fenolik minuman manggis
siap diminum telah menurun semasa kajian penyimpanan. Daripada keputusan yang
diperolehi melalui penilaian deria, tiada perbezaan yang signifikan antara ketiga-tiga
formulasi minuman manggis siap diminum; walau bagaimanapun, formulasi minuman
manggis siap diminum yang paling diminati adalah formulasi A yang mempunyai jumlah
ekstrak kulit manggis yang dioptimumkan, puri manggis dan jus epal pekat.
Pengekstrakan akueus dengan bantuan enzim ke atas kulit manggis merupakan sejenis
teknik hijau yang patut diterokai terutamanya bagi kilang pengeluar makanan.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Mangosteen (Garcinia mangostana) is widely known as “the queen of fruits” not only
because it is a delicious tropical fruit, but also for its medicinal properties where
Southeast Asians have used it for centuries in the treatment of diarrhea, inflammation,
trauma, chronic ulcer, skin infections and wounds. Mangosteen belongs to the family of
Guttiferae and is cultivated throughout Malaysia, India, Thailand, Myanmar, Philippines
and Sri Lanka. Mangosteen has edible whitish, sweet and juicy flesh with a dark purple
or reddish thick, leathery pericarp.

Mangosteen application has been studied not only in medicinal areas, but it also has been
utilized and diverged in other fields, such as food science, engineering, material sciences
and postharvest. Mangosteen fruits have been developed into various kinds of food and
functional food products, mostly using the unique sweet-sour taste of the mangosteen
flesh to formulate fruit jams, yogurts, ice cream, chocolates and fruit drinks.
Furthermore, mangosteen rind juice has been evaluated as a natural colorant in a sugar
palm fruit jam to improve its color, texture and flavor (Sayuti et al., 2017).

Besides its usage as a natural colorant in food products, mangosteen pericarp extract has
been utilized natively as an inexpensive and environmentally friendly natural dye in the
textile industry due to anthocyanins found in mangosteen pericarp. In contrast,
mangosteen peel was evaluated for efficiency as a dye removal agent through its
characteristic as an adsorbent (Phawachalotorn et al., 2021). Anthocyanins have been
shown to decrease polyphenol oxidase (PPO) activity and control enzymatic browning
thus prolonging the shelf life of fresh-cut apples (Hemachandran et al., 2017).

Various parts of the mangosteen fruit, including pericarp, aril, seeds, leaves, saps and
barks have been evaluated for their bioactive compounds and found to contain phenolics
and flavonoids (Aizat et al., 2019). Table 1.1 summarizes the bioactive compounds
discovered in numerous parts of mangosteen fruit.



Table 1.1: Summary of bioactive compounds found in various parts of mangosteen
fruit

Parts of Bioactive compounds Reference
mangosteen
Seed Tannins, saponins, terpenoids, Ajayi et al., 2011
flavonoids, reducing compounds &
alkanoids
Sap a-mangostin & y-mangostin Sukatta et al., 2013
Leaves Flavonoids, alkaloids, Tannin & Suhartati et al., 2019
saponin
Bark Xanthones Seeetal.,, 2014
Pericarp Xanthones, flavonoids, tannins & Suttirak &
phenolic acids Manurakchinakorn, 2014

Mangosteen seed extract was screened and found to contain tannins, saponins,
terpenoids, flavonoids, reducing sugars and alkaloids (Ajayi et al., 2011). Mangosteen
seed was shown to have a high amount of carbohydrate and oil but low in protein content.
Mangosteen seed oil was also evaluated for its preliminary toxicology on albino rats and
no toxicological effects were detected (Ajayi et al., 2007).

The yellow sap on the mangosteen fruit was reported to contain higher amounts of
xanthones whereby the concentration of a-mangostin and y-mangostin was 6-fold and 7-
fold, respectively higher than the one in the mangosteen pericarp (Sukatta et al., 2013).
Ethanolic extract of Garcinia mangostana Linn leaves has been evaluated for its
antibacterial activity against Pseudomonas aeruginosa due to its active compounds,
flavonoids, tannins, alkaloids and saponins (Suhartati et al., 2019). From various studies
conducted so far, it was found that almost every part of mangosteen fruit contains
xanthones but in different amounts. Mangosteen tree bark was reported to contain the
well-known secondary metabolites, xanthones (See et al., 2014).

The pericarp of the mangosteen fruit is a source of complex phenolic compounds, such
as xanthones, flavonoids, tannins and other bioactive substances (Suttirak &
Manurakchinakorn, 2014). Xanthones, a biologically active antioxidant phytonutrient
with the molecular formula C13HsOy, is the secondary metabolite of the principal class
of Garcinia mangostana. a-, B- and y-mangostins, garcinone E, 8-deoxygartanin and
gartanin, which is isolated from the pericarp of the mangosteen fruit, are the most studied
xanthones. The chemical structure of xanthones, a-, - and y-mangostins, garcinone E,
8-deoxygartanin and gartanin were displayed in Fig. 1.1.
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Figure 1.1: Chemical structure of various xanthones (a-g) isolated from mangosteen
pericarp.

Herbaceous plants, such as mangosteen have, from time to time, been recognized for its
economic importance as it contains biologically active compounds and therapeutic
effects. Nevertheless, mangosteen, despite having such a high functional value and
exquisite flavor has not been exploited commercially due to lack of thorough knowledge
of the fruit.

The most common method used in the extraction of mangosteen fruits during
phytochemical analysis is solvent-based extraction, such as using ethanol, methanol,
chloroform and ethyl acetate (Mulia et al., 2019). Some new approaches like microwave-
assisted and ultrasound technique on the solvent-based extraction have been applied to
optimize the extraction of mangosteen. However, due to the toxicity and volatility of the
conventional organic solvents used for mangosteen extraction reduced its prospective for
food and pharmaceutical product application.

Thus, the main aim of this study was to explore the bioactive compounds of mangosteen
pericarp by using a greener method. To date, this is the first study using water extraction
with the enzyme-assisted method on the pericarp of Garcinia mangostana. Enzyme-



assisted water extraction of mangosteen pericarp was optimized through a statistical tool,
response surface methodology.

Furthermore, the antioxidative compound of the optimized mangosteen pericarp extract
was evaluated and a preliminary profiling of the mangosteen pericarp extract was
screened by performing liquid chromatography with tandem mass spectrometry
(LCMS/MS) analysis. This study was followed by an evaluation of antibacterial activity
and cytotoxicity levels on the optimized mangosteen pericarp extract before being
developed into functional products. Physicochemical stability for the developed
functional products was analyzed. Sensory tests were performed to determine the
acceptance level of the functional food products.

1.2 Research objectives
The main objective of this study was:
1) To develop a green extraction method to evaluate the role of the extracts in

stability performance in food system and sensory evaluation.

The specific objectives for this study were as follows:

a) To optimize the enzyme-assisted water extraction from pericarp of mangosteen
fruit to obtain the high antioxidative compounds.

b) To characterize the optimized mangosteen extract.

C) To evaluate antibacterial activity and cytotoxicity of optimized mangosteen
extract.

d) To evaluate the stability performance of the optimized mangosteen extract in
solid and liquid food systems.

e) To determine the sensory acceptance of the optimized mangosteen extracts in

solid and liquid food systems.



REFERENCES

Abachi, S., Lee, S. & Rupasinghe, H.P.V. (2016). Molecular mechanisms of inhibition
of Streptococcus species by phytochemicals. Molecules. 21, 215.

Ahmed, M.H., Vasas, D., Hassan, A. & Molnar, J. (2022). The impact of functional food
in prevention of malnutrition. PharmaNutrition. 19, 100288.

Aizat, W.M., Ahmad-Hashim, F.H. & Jaafar, S.N.S. (2019). Valorization of mangosteen,
“The Queen of Fruits,” and new advances in postharvest and in food and
engineering applications: A review. J. of Adv. Res. 20, 61 — 70.

Ajayi, LA., Oderinde, R.A. & Ogunkoya, B.O. (2007). Chemical analysis and
preliminary toxicological evaluation of Garcinia mangostana seeds and seed oil. J.
Food Chem. 101 (3), 999 — 1004.

Ajayi, I. A., Ajibade, O. & Oderinde, R. A. (2011). Preliminary phytochemical analysis
of some plant seeds. Res. J. Chem. Sci. 1(3), 58 — 62.

Akakrachaneeyakorn, S. & Tinrat, S. (2015). Effects of types and amounts of stabilizers
on physical and sensory characteristics of cloudy ready-to-drink mulberry fruit
juice. Food Sci. & Nut. 3(3), 213 — 220.

Ali, G., Hawa, Z. E. J., Ali, B. & Amin, T. (2018). Alpha-mangostin-rich extracts from
mangosteen pericarp: Optimization of green extraction protocol and evaluation of
biological activity. Molecules. 23, 1852.

Alongi, M. & Anese, M. (2021). Re-thinking functional food development through a
holistic approach. J. of Functional Foods. 81, 104466.

Ampofo-Asiama, J. & Quaye, B. (2019). Effect of storage temperature on the
physicochemical nutritional and microbiological quality of pasteurized soursop
(Annona muricata L.) juice. African J. of Food Sci. 13(2), 38 — 47.

Ansari, S., Maftoon-Azad, N., Farahnaky, A., Hosseini, E. & Badii, F. (2014). Effect of
moisture content on textural attributes of dried figs. Int. Agrophys. 28, 403 - 412.

Atef, N.M., Shanab, S.M., Negm, S.I. & Abbas, Y.A. (2019). Evaluation of antimicrobial
activity of some plant extracts against antibiotic susceptible and resistant bacterial
strains causing wound infection. Bulletin of the National Res. Centre. 43, 144.

Azimi, N., Basiri, S. & Mortazavi, A. (2019). Evaluation on the effects of hydrocolloids
on sensory, texture and color properties of mulberry pastille. Agric. Eng. Int.: CIGR
J. 21 (3), 242 — 249.

Baek, J. Y., Jung, K., Kim, Y., Kim, H., Kang, K.S. & Chin, Y. (2021). Protective effect

of y-mangostin isolated from the peel of Garcinia mangostana against glutamate-
induced cytotoxicity in HT22 hippocampal neuronal cells. Biomolecules. 11, 170.

79



Bamba, B.S.B., Shi, J., Tranchant, C.C., Xue, S.J., Forney, C.F. & Lim, L. (2018).
Influence of extraction conditions on ultrasound-assisted recovery of bioactive
phenolics from blueberry pomace and their antioxidant activity. Molecules. 23,
1685-1701.

Banwo, K., Olojede, A.O., Adesulu-Dahunsi, A.T., Verma, D.K., Thakur, M., Tripathy,
S., Singh, S., Patel, A.R., Gupta, A.K., Aguilar, C.N. & Utama, G.L. (2021).
Functional importance of bioactive compounds of foods with potential health
benefits: A review on recent trends. Food Bioscience. 43, 101320.

Bart, H.J. (2011). Extraction of natural products from plants — an introduction. Wiley-
VCH Verlag GmbH & Co. KGaA.

Bostanci, N. & Belibasakis, G. N. (2012). Porphyromonas gingivalis: an invasive and
evasive opportunistic oral pathogen. FEMS Microbiol. Lett. 333, 1 - 9.

Bourne, M.C. (2002). Food Texture and Viscosity. Concept and Measurement. A volume
in Food Science and Technology (2" ed.). Academic Press, New York, US.

Breig, S. J. M. & Luti, K. J. K. (2021). Response surface methodology: A review on its
applications and challenges in microbial cultures. Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2020.12.316.

Brimelow, C. J.B. (Reprinted in 2005). Instrumentation and sensors for the food industry.
CRC Press LLC. ISBN No. 1-85573-560-1.

Brunner, B.R. and Morales-Payan, J.P. (2010). Soils, plant growth and crop production
— Mangosteen and rambutan. Encyclopedia of Life support Systems.

Burey, P., Bhandari, B.R., Rutgers, R.P.G., Halley, P.J. & Torley, P.J. (2009).
Confectionery gels: a review on formulation, rheological and structural aspects.
International J. of Food Properties. 12, 176 - 210.

Burkill, H.M. (1994). The useful plants of West Tropical Africa. Vol. 2. Families E-I.
(2" ed.). Royal Botanic Gardens, Richmond, UK.

Celep, E., Seven, M., Akyuz, S., Inan, Y. & Yesilada, E. (2019). Influence of extraction
method on enzyme inhibition, phenolic profile and antioxidant capacity of Sideritis
trojana Bornm. South African J. of Botany. 121, 360 — 365.

Chakraborty, A., Werner, J. K., Jr., Koldobskiy, M. A., Mustafa, A. K., Juluri, K. R.,
Pietropaoli, J., Snowman, A. M. & Synder, S. H. (2010). Casein kinase-2 mediates
cell survival through phosphorylation and degradation of inositol hexakisphosphate
kinase-2. PNAS. 108 (6), 2205 - 2209.

Chandra, M.V. & Shamasundar, B. A. (2015). Texture profile analysis and functional

properties of gelatin from the skin of three species of freshwater fish. Int. J. of Food
Properties. 18, 572 - 584.

80


https://doi.org/10.1016/j.matpr.2020.12.316

Chang, H.F., Huang, W.T., Chen, H.J. & Yang, L.L. (2010). Apoptotic effects of y-
mangostin from the fruit hull of Garcinia mangostana on human malignant glioma
cells. Molecules. 15(12), 8953 — 8966.

Chang, H.F. & Yang, L.L. (2012). Gamma-mangostin, a micronutrient of mangosteen
fruit, induces apoptosis in human colon cancer cells. Molecules. 17, 8010 — 8021.

Chao, A.C., Hsu, Y.L, Liu, C.K. & Kuo, P.L. (2011) a-Mangostin, a dietary xanthone,
induces autophagic cell death by activating the AMP-activated protein kinase
pathway in glioblastoma cells. Journal of Agricultural and Food Chemistry. 59,
2086-2096.

Cheok, C.Y., Chin, N.L., Yusof, Y.A., Talib, R.A. & Law, C.L. (2013). Optimization of
total monomeric anthocyanin (TMA) and total phenolic content (TPC) extractions
from mangosteen (Garcinia mangostana Linn.) hull using ultrasonic treatments.
Ind. Crops and Products. 50, 1 — 7.

Cheok, C.Y., Adzahan, N.M., Rahman, R.A., Abedin, N.H.Z., Hussain, N., Sulaiman, R.
& Chong, G.H. (2016). Current trends of tropical fruit waste utilization. Critical
Reviews in Food Sci. and Nut. DOI: 10.1080/10408398.2016.1176009.

Chia, S.L., Rosnah, S., Noranizan, M.A. & Wan Ramli, W.D. (2012). The effect of
storage on the quality attributes of ultraviolet-irradiated and thermally pasteurized
pineapple juices. Int. Food Res. J. 19(3), 1001 — 1010.

Chin, Y.W., Jung, H.A., Chai, H., Keller, W.J. & Kinghorn, A.D. (2007). Xanthones
with quinone reductase-inducing activity from the fruit of Garcinia mangostana
(Mangosteen). Phytochemistry. 69, 754-758.

Conroy, D.M., Gan, C., Errmann, A. & Young, J. (2021). Fortifying wellbeing: How
Chinese consumers and doctors navigate the role of functional foods. Appetite. 164,
105296.

Coria-Paez, A., Galicia-Haro, E. & Ortega-Moreno, I. (2021). Creating Competitive
Advantages: Functional Foods and COVID-19 in Mexico. Universidad de
Guadalajara. ISBN 978-84-18791-02.

Cui, J.H., Hu, W,, Cai, ZJ,, Liu, Y.X,, Li, S.Y., Tao, W.C., Xiang, H. (2010). New
medicinal properties of mangostins: Analgesic activity and pharmacological
characterization of active ingredients from the fruit hull of Garcinia mangostana
L. Pharmacology, Biochemistry & Behavior. 95, 166-172.

Destandau, E., Michel, T., Toribio, A. & Elfakir, C. (2014). Different Ways to On-Line
Hyphenate Centrifugal Partition Chromatography and Mass Spectrometry:
Application to Prenylated Xanthones from Garcinia mangostana. Planta Med.
81(17), 1597 — 1603.

Dhaka, A., Sharma, M. & Singh, S. K. (2016). Use of additives to reduce browning,
microbial load and quality loss of Kinnow juice under ambient storage. Indian J. of
Sci. and Tech. 9 (14).

81



Diczbalis, Y. 2011 (revised). Farm and Forestry Production and Marketing Profile for
Mangosteen (Garcinia mangostana). In: Elevitch, C.R. (ed.). Specialty Crops for
Pacific Island Agroforestry. Permanent Agriculture Resources (PAR), Holualoa,
Hawaii. http://agroforestry.net/scps.

Do, H.T.T. & Cho, J. (2020). Mangosteen Pericarp and Its Bioactive Xanthones:
Potential Therapeutic Value in Alzheimer’s Disease, Parkinson’s Disease, and
Depression with Pharmacokinetic and Safety Profiles. Int. J. of Mol. Sci. 21(17),
6211.

Dolatabadi, M. & Ahmadzadeh, S. (2019). A rapid and efficient removal approach for
degradation of metformin in pharmaceutical wastewater using electro-Fenton
process; optimization by response surface methodology. Water Sci. & Tech. 80.4,
685 —694.

Elisha, I.L., Botha, F.S., Mcgaw, L.J. & Eloff, J.N. (2017). The antibacterial activity of
extracts of nine plant species with good activity against Escherichia coli against
five other bacteria and cytotoxicity of extracts. BMC Complementary and Alt. Med.
17,133.

Ergun, R., Lietha, R. & Hartel, R.W. (2010). Moisture and shelf life in sugar confections.
Critical Reviews in Food Sci. and Nut. 50(2), 162 — 192.

Fabiola, G.O.; Mark, L.F. (2013). Biological activities and bioavailability of mangosteen
xanthones: A critical review of the current evidence. Nutrients. 5, pp. 3163 — 3183.

FAO. (2022). Major Tropical Fruits: Preliminary results 2021. Rome.

Fashi, A., Yaftian, M. R. & Zamani, A. (2017). Electromembrane-microextraction of
bismuth in pharmaceutical and human plasma samples: optimization using response
surface methodology. Microchemical J. 130, 71 — 78.

Fauzi, N.A., Farid, M.M. & Silva, F. (2017). An insight on the relationship between food
compressibility and microbial inactivation during high pressure processing. J. Food
Sci. Technol. 54(3), 802 — 8009.

Fellows, P.J. (2000). Food Processing Technology: Principles and Practice. (2" ed.).
CRC Press, Cambridge, UK.

Fu, C., Yu, P., Wang, M. & Qiu, F. (2020). Phytochemical analysis and geographic
assessment of flavonoids, coumarins and sesquiterpenes in Artemisia annua L.
based on HPLC-DAD quantification and LC-ESI-QTOF-MS/MS confirmation.
Food Chem. 312, 126070.

Gama, R., Dyk, J.S.V. & Pletschke, B.L. (2015). Optimisation of enzymatic hydrolysis
of apple pomace for production of biofuel and biorefinery chemicals using
commercial enzymes. Biotech. 5, 1075 — 1087.

Gan, C., Latiff, A.A. (2011). Extraction of antioxidant pectic-polysaccharide from
mangosteen (Garcinia mangostana) rind: Optimization using response surface
methodology. Carbohydrate Polymers. 83, 600 — 607.

82


http://agroforestry.net/scps

Ghafoor, K., Park, J. & Choi, Y. (2010). Optimization of supercritical fluid extraction of
bioactive compounds from grape (Vitis labrusca B.) peel by using response surface
methodology. Innovative Food Sci & Emerging Tech. 11, 485 —490.

Ghasemzadeh, A., Jaafar, H.Z.E., Baghdadi, A., Tayebi-Meigooni, A. (2018). Alpha-
mangostin-rich extracts from mangosteen pericarp: Optimization of green
extraction protocol and evaluation of biological activity. Molecules. 23, 1852,
d0i:10.3390/molecules23081852.

Gomes, D., Gama, M. & Domingues, L. (2018). Determinants on an efficient cellulase
recycling process for the production of bioethanol from recycled paper sludge under
high solid loadings. Biotechnol. Biofuels. 11, 111.

Gong, H., Li, Q. & Yang, Z. (2014). Optimization of enzyme-assisted extraction of
anthocyanins from blackberry (Rubus fruticosus L.) juice using response surface
methodology. African J. of Pharmacy and Pharmacology. 8 (34), 841 — 848.

Govindachari, T.R., Kalyanaraman, P.S., Muthukumaraswamy, N. & Pai, B.R. (1971).
Xanthones of Garcinia mangostana Linn. Tetrahedron. 27, 3919 — 3926.

Hamid, M.A., Bakar, N.A., Park, C.S., Ramli, F. & Wan, W.R. (2018). Optimisation of
alpha mangostin extraction using supercritical CO, from Garcinia mangostana.
Chem. Eng. Transactions. 63, 577 — 582.

Harnly, J.M., Bhagwat, S. & Lin, L.Z. (2007). Profiling methods for the determination
of phenolic compounds in foods and dietary supplements. Anal. Bioanal. Chem.
289, 47 — 61.

Hawkins, D.J. & Kridl, J.C. (1998). Characterization of acyl-ACP thioesterases of
mangosteen (Garcinia mangostana) seed and high levels of stearate production in
transgenic canola. The Plant Journal. 13 (6), 743 — 752.

Hedrick, U.P. (1972). Sturtevant's Edible Plants of the World. Dover Pubns, New York,
us.

Hemachandran, H., Anantharaman, A., Mohan, S., Mohan, G., Kumar, T., Dey, D.,
Kumar, D., Dey, P., Choudhury, A., Doss, G.P. & Siva, R. (2017). Unraveling the
inhibition mechanism of cyanidin-3-sophoroside on polyphenol oxidase and its
effect on enzymatic browning of apples. J. Food Chemistry. 227, 102 — 10.

Hemalatha, R., Kumar, A., Prakash, O., Supriya, A., Chauhan, A.S. & Kudachikar, V.B.
(2018). Development and quality evaluation of ready to serve (RTS) beverage from
cape gooseberry (Physalis peruviana L.). Beverages. 4,42;
doi:10.3390/beverages4020042.

Hendiani, I., Susanto, A., Carolina, D. N., lIbrahim, R., Balafif, F. F. (2020). Minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
mangosteen (Garcinia mangostana Linn.) rind extract against Aggregatibacter
actinomycetemcomitans. Padjadjaran J. of Dentistry. 32 (2), 131 - 135.

83



Hertog, M.G.L., Hollman, P.C.H. & D. Kromhout. (2005). Determination of potentially
anticarcinogenic flavonoids in foods and preliminary results on daily intake in the
Netherlands. In Woodhead Publishing Series in Food Science, Technology and
Nutrition, Food and Cancer Prevention, pp. 198 — 202. Woodhead Publishing.

Huda, M.N., Lu, S., Jahan, T., Ding, M., Jha, R., Zhang, K., Zhang, W., Georgiev, M.1.,
Park, S.U. & Zhou, M. (2021). Treasure from garden: Bioactive compounds of
buckwheat. Food Chem. 335, 127653.

Husen, S.A., Winarni, D., Salamun, Ansori, A.N.M., Susilo, R.J.K. & Hayaza, S. (2019).
Hepatoprotective effect of gamma-mangostin for amelioration of impaired liver
structure and function in streptozotocin-induced diabetic mice. IOP Conf. Ser:
Earth and Environ. Sci. 217, 012031.

Ibrahim, M.Y., Hashim, N.M., Mariod, A.A., Mohan, S., Abdulla, M.A. & Abdelwahab,
S.I. (2016). a-Mangostin from Garcinia mangostana Linn: An updated review of its
pharmacological properties. Arabian J. of Chem. 9, 317 — 329.

Ibrahim, U.K., Kamarrudin, N., Suzihaque, M.U.H. & Hashib, S. A. (2016). Local Fruit
Wastes as a Potential Source of Natural Antioxidant: An Overview. IOP Conf.
Series: Materials Science and Engineering. 206, 012040.

Ignat, 1., Volf, ., Popa, V.I. (2011). A critical review of methods for characterization of
polyphenolic compounds in fruits and vegetables. Food Chemistry. 126, 1821-
1835.

International Centre for Underutilized Crops, Department of Civil and Environmental
Engineering, University of Southampton, Southampton, UK.

Ismullah, M.T., Sumiwi, S.A., Muchtaridi, M. (2019). Neuraminidase inhibitor activity
of Garcinia plant: A Review. Int. J. of Current Medical Sciences. 9, 487 — 490.

Jacob, D. R., Vigasini, N. & lyer, P. (2016). Antibacterial activity of mangosteen
(Garcinia mangostana) pericarp. World J. of Pharm. Res. 5 (9), 1797 - 1802.

Janick, J., Paull, R.E. (2008). The encyclopedia of fruit & nuts. CAB International,
Oxfordshire, UK.

Jayaweera, D.M.A. (1981). Medicinal Plants used in Ceylon Part Ill. National Science
Council of Sri Lanka, Colombo, Sri Lanka.

Jaynes, J., Ding X., Xu, H., Wong, W.K. & Ho, C.M. (2013). An application of fractional
factorial designs to study drug combinations. Stat. Med. 32 (2),
d0i:10.1002/sim.5526.

Ji, X., Avula, B. & Khan, I.A. (2007). Quantitative and qualitative determination of six
xanthones in Garcinia mangostana L. by LC-PDA and LC-ESI-MS. J. of Phar. and
Biomed. Anal. 43, 1270 — 1276.

Jiamjariyatam, R. (2018). Influence of gelatin and isomaltulose on gummy jelly
properties. Int. Food Res. J. 25(2), 776 — 783.

84



Joshi, D. R. & Adhikari, N. (2019). An overview on common organic solvents and their
toxicity. J. of Phar. Res. Int. 28(3), 1 — 18.

Kalinova J.P., Vrchotova N., Triska J. (2021). Vitexin and isovitexin levels in sprouts of
selected plants. Journal of Food Composition and Analysis. doi:
https://doi.org/10.1016/j.jfca.2021.103895

Kang, J., Price, W.E., Ashton, J., Tapsell, L.C. & Johnson, S. (2016). Identification and
characterization of phenolic compounds in hydromethanolic extracts of sorghum
wholegrains by LC-ESI-MSn. Food Chem. 211, 215 — 226.

Ketsa, S. and Koolpluksee, M. (1992). Some physical and biochemical characteristics of
damaged pericarp of mangosteen fruit after impact. Postharvest Biology and
Technology, 2, 209-215.

Khan, Z., Troquet, J. & Vachelard, C. (2005). Sample preparation and analytical
techniques for determination of polyaromatic hydrocarbons in soils. Int. J. Environ.
Sci. Tech. 2 (3), 275 — 286.

Khole, S., Chatterjee, S., Variyar, P., Sharma, A., Devasagayam, T.P.A. & Ghaskadbi,
S. (2014). Bioactive constituents of germinated fenugreek seeds with strong
antioxidant potential. J. of Functional Foods. 6, 270 — 279.

Kim, H. K., Choi, Y. H. & Verpoote, R. (2010). NMR-based metabolomics analysis of
plants. 5 (3), 536 — 549. doi:10.1038/nprot.2009.237.

Koehl, L., Zeng, X., Zhou, B., Ding, Y. (2007). Intelligent sensory evaluation of
industrial products for exploiting consumer’s preference. Mathematics and
Computes in Simulation. 77, 522-530.

Kondo, M., Zhang, L., Ji, H., Kou, Y. & Ou, B. (2009). Bioavailability and antioxidant
effects of a xanthone-rich mangosteen (Garcinia mangostana) product in humans.
J. of Agri. and Food Chem. 57, 8788 - 8792.

Kosem, N., Han, Y. H. & Moongkarndi, P. (2007). Antioxidant and cytoprotective
activities of methanolic extract from Garcinia mangostana hulls. Science Asia. 33,
283 - 292.

Kotler, P. & Armstrong, G. (2006) Principles of Marketing (11% ed.). Prentice Hall,
London, UK.

Kulshreshtha, G., Burlot, A.S., Marty, C., Critchley, A., Hafting, J., Bedoux, G.,
Bourgougnon, N. & Prithiviraj, B. (2015). Enzyme-assisted extraction of bioactive
material from Chondrus crispus and Codium fragile and its effect on Herpes
simplex virus (HSV-1). Mar. Drugs. 13, 558 — 580.

Kusmayadi, A., Adrian, L., Abun, A., Muchtaridi, M. & Tanuwiria, U. H. (2018). The

solvents and extraction time on total xanthone and antioxidant yields of mangosteen
peel (Garcinia mangostana L.) extract. Drug Invention Today. 10, 2572 - 2576.

85


https://doi.org/10.1016/j.jfca.2021.103895

Lago, C.C. & Norena, C.P.Z. (2017). Thermodynamic and kinetics study of phenolics
degradation and color of yacon (Smallanthus sonchifolius) microparticles under
accelerated storage conditions. J. Food Sci. Tech. 54 (13), 4197 — 4204.

Lee, C.M., Chan, Y.L.,, Gan, Y.L.,, Tang, T.L., Tan C.P. & Lai, O.M. (2018).
Physicochemical and sensory analysis of instant cereal beverage incorporated with
corncob powder. Food Research. 2(5), 453 - 459.

Lerslerwong, L., Rugkong, A., Imsabai, W. & Ketsa, S. (2013). The harvest period of
mangosteen fruit can be extended by chemical control of ripening — A proof of
concept study. Scientia Horti. 157, 13 — 18.

Li, Q., Yan, X., Zhao, L., Ren, S, He, Y., Liu, W., Wang, Z., Li, X., Jiang, S. & Li, W.
(2020). a-Mangostin, a dietary xanthone, exerts protective effects on cisplatin-
induced renal injury via PI3K/Akt and JNK signaling pathways in HEK293 cells.
ACS Omega. 5, 19960 - 19967.

Ma, Z.F., Zhang, H.X., Teh, S.S., Wang, C.W., Zhang, Y., Hayford, F., Wang, L., Ma,
T., Dong, Z., Zhang, Y. & Zhu, Y. (2019). Goji berries as a potential natural
antioxidant medicine: An insight into their molecular mechanisms of action.
Oxidative Medicine and Cellular Longevity.
https://doi.org/10.1155/2019/2437397.

Mahapatra, A.P.K., Saraswat, R., Botre, M., Paul, B. & Prasad, N. (2020). Application
of response surface methodology (RSM) in statistical optimization and
pharmaceutical characterization of a patient compliance effervescent tablet
formulation of an antiepileptic drug levetiracetam. Future J. of Phar. Sci. 6,82.

Mamat, S. F.; Azizan, K. A.; Baharum, S. N.; Noor, N.M.; Aizat, W. M. (2018)
Metabolomics analysis of mangosteen (Garcinia mangostana Linn.) fruit pericarp
using different extraction methods and GC-MS. Plant Omics. 11 (02), 89 — 97. doi:
10.21475/poj. 11.02.18. pnel191.

Manurakchinakorn, S., Chainarong, Y. & Sawatpadungkit, C. (2016). Quality of
mangosteen juice colored with mangosteen pericarp. Int. Food Res. J. 23 (3), 1033
- 1039.

Maresh, C. C., Petry, S. F., Theis, S., Westphal, A. B. & Linn, T. (2017) Low glycemic
index prototype isomaltulose - update of clinical trials. Nutrients. 9, 381.

Martirosyan, D. & Miller, E. (2018). Bioactive compounds: the key to functional foods.
Article in Functional Foods in Health and Disease. 8 (7), 36 — 39.

Minatel, 1.0., Borges, C.V., Ferreira, M.l., Gomez, H.A.G., Chen, C.Y.O., Lima, G.P.P.
(2017). Phenolic Compounds: Functional Properties, Impact of Processing and
Bioavailability. Intech. http://dx.doi.org/10.5772/66368.

Mohammad, N.A., Zaidel, D.N.A., Muhamad, I.I., Hamid, M.A., Yaakob, H. & Jusoh,
Y.M.M. (2019). Optimization of the antioxidant-rich xanthone extract from
mangosteen (Garcinia mangostana L.) pericarp via microwave-assisted extraction.
Heliyon. 5, e02571.

86


https://doi.org/10.1155/2019/2437397
http://dx.doi.org/10.5772/66368

Mohd Khalid, M.Z. & Rukayah, A. (1993). Penanaman Manggis. MARDI, Kuala
Lumpur, Malaysia.

Morton, J. (1987) Mangosteen. In: Fruits of warm climates. Purdue University, Indiana,
us.

Mostafa, A.A., Al-Askar, A.A., Almaary, K.S., Dawoud, T.M., Sholkamy, E.N. & Bakri,
M.M. (2018). Antimicrobial activity of some plant extracts against bacterial strains
causing food poisoning diseases. Saudi J. of Bio. Sci. 25, 361 — 366.

Mulia, K., Yoksandi, Y., Kurniawan, N., Pane, I.LF. & Krisanti, E.A. (2019). 1,2-
Propanediol-betaine as green solvent for extracting a-mangostin from the rind of
mangosteen fruit: solvent recovery and physical characteristics. J. of Physics. 1198:
062003. doi:10.1088/1742-6596/1198/6/062003.

Murthy, H. N., Dandin, V. S., Dalawai, D., Park S. Y. & Paek, K. Y. (2018). Bioactive
compounds from Garcinia fruits of high economic value for food and health. In:
Merillon JM., Ramawat K. (eds) Bioactive Molecules in Food. Reference Series in
Phytochemistry. Springer, Cham. https://doi.org/10.1007/978-3-319-54528-8 65-
1.

Mushtag, M., Sultana, B., Bhatti, H.N. & Asghar, M. (2014). RSM based optimized
enzyme-assisted extraction of antioxidant phenolics from underutilized watermelon
(Citrullus lanatus Thunb.) rind. J. Food Sc. Tech. doi:10.1007/s13197-014-1562-
9.

Nagendra chari, K.L., Manasa, D., Srinivas, P. & Sowbhagya, H.B. (2013). Enzyme-
assisted extraction of bioactive compounds from ginger (Zingiber officinale
Roscoe). Food Chem. 139: 509 — 514.

Nakatani, K., Nakahata, N., Arakawa, T., Yasuda, H. & Ohizumi, Y. (2002). Inhibition
of cyclooxygenase and prostaglandin E2 synthesis by y-mangostin, a xanthone
derivative in mangosteen, in C6 rat glioma cells. Biochem. Pharmacol. 63, 73 — 79.

Nakatani, K., Yamakuni, T., Kondo, N., Arakawa, T., Oosawa, K., Shimura, S., Inous,
H. & Ohizumi, Y. (2004). Gamma-Mangostin inhibits inhibitor-kappaB kinase
activity and decreases lipopolysaccharide-induced cyclooxygenase-2 gene
expression in C6 rat glioma cells. Molecular Phar. doi: 10.1124/mol. 104.002626.

Nameer K. M., Tan, C. P., Yazid, A. M., Amaal, M. A. & Anis, S. M. H. (2017). Process
conditions of spray drying microencapsulation of Nigella sativa oil. Powder
Technology. 315, 1 - 14.

Nasrullah, A., Saad, B., Bhat, A.H., Khan, A.S., Danish, M., Isa, M. H. & Naeem, A.
(2019). Mangosteen peel waste as a sustainable precursor for high surface area
mesoporous activated carbon: Characterization and application for methylene blue
removal. J. of Cleaner Production. 211, 1190 — 1200.

Nayik, G.A. & Gull, A. (2020). Antioxidants in Fruits: Properties and Health Benefits.
Springer Nature. Singapore.

87


https://doi.org/10.1007/978-3-319-54528-8_65-1
https://doi.org/10.1007/978-3-319-54528-8_65-1

Nazir, M., Arif, S., Khan, R.S., Nazir, W., Khalid, N. & Magsood, S. (2019).
Opportunities and challenges for functional and medicinal beverages: Current and
future trends. Trends in Food Science & Technology. 88, 513 — 526.

Ngawhirunpat, T., Opanasopi, P., Sukma, M., Sittisombut, C., AtsushiKat & Adachi, I.
(2010). Antioxidant, free radical-scavenging activity and cytotoxicity of different
solvent extracts and their phenolic constituents from the fruit hull of mangosteen
(Garcinia mangostana). Pharm. Biology. 48 (1), 55 - 62.

Nguyen, T. H., Hoang, D. H., Nguyen, Q. H., Pham, T. T., Nguyen T. M. T. (2018).
Study on extraction of tannins from the Garcinia mangostana Linn peel in Vietnam.
Vietnam J. of Sci. & Tech. 56(4A), 113 - 120.

Noichinda, S., Bodhipadma, K. & Kong-In, S. (2017). Capillary water in pericarp
enhances hypoxic condition during on-tree fruit maturation that induces
lignification and triggers translucent flesh disorder in mangosteen (Garcinia
mangostana L.). J. of Food Quality. https://doi.org/10.1155/2017/7428959.

Noratirah, S. M. A., Asmah, R., Noor Atigah, A. A. K., Hawa, J., Radhiah, S. & Nurul,
S. R. (2019). Mangosteen (Garcinia mangostana) flesh supplementation attenuates
biochemical and morphological changes in the liver and kidney of high fat diet-
induced obese rats. BMC Complementary and Alternative Medicine. 19, 344.

Oberoi, H. S., Sandhu, S. K. & Vadlani, P.V. (2012). Statistical optimization of
hydrolysis process for banana peels using cellulolytic and pectinolytic enzymes.
Food and Bioproducts Processing. 90, 257 — 265.

Oliveira, P.M.d., Junior, B.R.d.C.L., Martins, E.M.F., Martins, M.L., Vieira, E.N.R.,
Barros, F.A.R.d., Cristianini, M., Costa, N.d.A. & Ramos, A.M. (2020). Mango and
carrot mixed juice: a new matrix for the vehicle. J. Food Sci. Tech. 58(1), 98 — 1009.

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R. & Anthony, S. (2009). Agroforestree
Database: a tree reference and selection guide version 4.0.

Osman M., and Abd. Rahman Milan (2006) Mangosteen — Garcinia mangostana.
Southampton Centre for Underutilised Crops, University of Southampton,
Southampton, UK.

Palakawong, C., Sophanodora, P., Pisuchpen, S. & Phongpaichit, S. (2010). Antioxidant
and antimicrobial activities of crude extracts from mangosteen (Garcinia
mangostana L.) parts and some essential oils. Int. Food Res. J. 17, 583 - 589.

Paquet, E., Hussain, R., Bazinet, L. Makhlouf, J., Lemieux S. & Turgeon, S.L. (2014).
Effect of processing treatments and storage conditions on stability of fruit juice-
based beverages enriched with dietary fibers alone and in mixture with xanthan
gum. LWT-Food Sci. & Tech. 55, 131 — 138.

Parijadi, A.A.R., Putri, S.P., Ridwani, S., Dwivany, F.M. & Fukusaki, E. (2018).

Metabolic profiling of Garcinia mangostana (mangosteen) based on ripening
stages. J. of Biosci. & Bioeng. 125 (2), 238 — 244.

88


https://doi.org/10.1155/2017/7428959

Patel, K., Panchal, N. & Ingle, D. P. (2019). Extraction methods: microwave, ultrasonic,
pressurized fluid, Soxhlet extraction, etc. Int. J. of Adv. Res. in Chem. Sci. 6 (3), 6
-21.

Pedraza-Chaverri, J., Cardenas-Rodriquez, N., Orozco-lbarra, M., Perez-Rojas, J.M.
(2008). Medicinal properties of mangosteen (Garcinia mangostana). Food and
Chemical Toxicology. 46, 3227 — 3239.

Peng, C.Y., Xu, X.F., Zhu, H.Y., Ren, Y.F., Niu, H.L, Hou, R.Y., Wan, X.C. & Cai,
H.M. (2021). Metabolics and ionomics responses of tea leaves (Camellia sinensis
(L.) O. Kuntze) to fluoride stress. Plant Physiology and Biochem. 158, 65 — 75.

Phawachalotorn, C. & Suwanpayak, N. (2021). The efficiency of mangosteen peel for
dye removal. J. Phys.: Conf. Ser. 1719, 012061.

Plotnikova, 1.V., Zharkova, .M., Magomedov, G.O., Magomedov, M.G., Khvostov,
A.A. & Miroshnichenko, E.N. (2021). Forecasting and quality control of
confectionery products with the use of “water activity”indicator. IOP Conf. Ser.
Earth Environ. Sci. 640, 062003.

Pool, E.K., Shahidi, F., Mortazavi, S.A., Azizpour, M. & Daneshzad, E. (2016).
Examination of the effect of Spirulina platensis microalgae on drying kinetics and
the color change of kiwifruit pastille. Food Measure. 10, 634 — 642.

Pothitirat, W., Chomnawang, M. T. & Gritsanapan, W. (2009). Anti-acnhe inducing
bacteria activity and a-mangostin content of Garcinia mangostana fruit rind
extracts from different provenience. Songklanakarin J. Sci. Technol. 31 (1), 41 -
47,

Pothitirat, W., Chomnawang, M. T., Supabphol, R. & Gritsanapan, W. (2009).
Comparison of bioactive compounds content, free radical scavenging and anti-acne
inducing bacteria activities of extracts from the mangosteen fruit rind at two stages
of maturity. Fitoterapia. 80, 442 — 447.

Priyanti, Partuti, T., Amalina, N. N., Rahmiaty, D., Yanti, W. F., Nadyana, H. E., Daniya,
A. A. & Annisa, N. (2020). Preliminary study of the antioxidant activity of
mangosteen peel from different acquisition as material gel peel-off mask. J. of
Physics: Conference Series. The 1st Progress in Science and Technology Research
Symposium (PSTRS) 2019. 1594 (2020) 012003. IOP Publishing.

Proestos, C., Kapsokefalou, M. & Komaitis, M. (2009). Chemical analysis and
antioxidant capacity of plant bioactive compounds. In. Food Processing: Methods,
Techniques and Trends. Nova Science Publishers, New York, US.

Puri, M., Sharma, D. & Barrow, C.J. (2012). Enzyme-assisted extraction of bioactives
from plants. Trends in Biotechnology. 30 (1), 37 — 44.

Qian, J. Q., Qin, D. H., Xie, X. M. & Zhou, W. W. (2010). Study on enzyme-assisted

aqueous extraction of oil from soybean. J. of Scientific & Industrial Res. 69, 860 —
865.

89



Ramlan, N.N.F., Mohd Zin, Z., Juhari, N.H., Smedley, K.L. & Zainol, M.K. (2021).
Physicochemical properties and sensory attributes of herbal pastilles affected by the
inclusion of Clitoria ternatea (L.) leaves. Food Res. 5 (1), 478 — 487.

Ramos - Jerz, M. D. R., Jerz, G., Villanueva-Rodriguez, S. J. & Winterhalter, P. (2018)
Separation and detection methods. In Phenolic Compounds in Food:
Characterization and Analysis.; Leo M.L. Nollet L. M. L., Gutierrez-Uribe, J. A.;
CRC Press, Taylor & Francis Group, Florida, US

Rasul, M. G. (2018). Conventional extraction methods use in medicinal plants, their
advantages and disadvantages. Int. J. of Basic Sciences and Applied Computing. 2
(6), 10 — 14.

Rocchetti, G., Blasi, F., Montesano, D., Ghisoni, S., Marcotullio, M.C., Sabatini, S.,
Cossignani, L. & Lucini, L. (2019). Impact of conventional/non-conventional
extraction methods on the untargeted phenolic profile of Moringa oleifera leaves.
Food Res. Int. 115, 319 — 327.

Rohman, A., Rafi, M., Alam, G., Muchtaridi, M. & Windarsih, A. (2019). Chemical
composition and antioxidant studies of underutilized part of mangosteen (Garcinia
mangostana L.) fruit. J. of Applied Phar. Sci. 9 (08), 047 — 052.

Rukthong, P., Sereesongsang, N., Kulsirirat, T., Boonnak, N. & Sathirakul, K. (2020).
In vitro investigation of metabolic fate of a-mangostin and gartanin via skin
permeation by LC-MS/MS and in silico evaluation of the metabolites by ADMET
predictor. BMC Complementary Med. And Therapies. 20, 359.

Saber, F.R. & Mahrous, E.A. (2022). Novel functional foods from plants of the
Mediterranean area: biological, chemical, metabolomic approaches. Reference
Module in Food Science. https://doi.org/10.1016/B978-0-12-823960-5.00032-9.

Salakpetch, Surmsuk (2000).  Studies on juvenility of mangosteen (Garcinia
mangostana L.). Ph.D. dissertation, University of Hawai'i, United States -- Hawaii.
Retrieved January 5, 2012, from Dissertations & Theses: Full Text. (Publication
No. AAT 9977572).

Santos, M.B.D., Anselmo, D.B., Oliveira, J.G.D., Jardim-Perassi, B.V., Monteiro, D.A.,
Silva, G., Gomes, E., Fachin, A.L., Marins, M., Zuccari, D.A.P.D.C. & Regasini,
L.O. (2019). Antiproliferative activity and p53 upregulation effects of chalcones on
human breast cancer cells. J. of Enzyme Inhibition & Med. Chem. 34 (1), 1093 —
1099.

Sayuti, K., Yenrina, R. & Anggraini, T. (2017). Characteristics of “Kolang-kaling”
(Sugar Palm Fruit Jam) with Added Natural Colorants. Pakistan J. of Nutrition. 16
(2), 69 - 76.

See, I, Ee, C. L., G., The, S. S., Arifah, A. K. & Shaari, D. (2014). Two new chemical

constituents from the stem bark of Garcinia mangostana. Molecules. 19, 7308 —
7316.

90


https://doi.org/10.1016/B978-0-12-823960-5.00032-9

Seesom, W., Jaratrungtawee, A., Suksamrarn, S., Mekseepralard, C., Ratananukul, P. &
Sukhumsirichart, W. (2013). Antileptospiral activity of xanthones from Garcinia
mangostana and synerdy of gamma-mangostin with penicillin G. BMC Comp. &
Alt. Med. 13, 182 — 187.

SCUC. 2006. Mangosteen, Garcinia mangostana. In Field Manual for Extension Workers
and Farmers, ed. J.E. Eusebio, and A.T. Carpio, pp. 7 — 12. ICUC, Southampton,
UK.

Shibata, M. A., linuma, M., Morimoto, J., Kurose, H., Akamatsu, K., Okuno, Y., Akao,
Y. & Otsuki, Y. (2011). a-Mangostin extracted from the pericarp of the mangosteen
(Garcinia mangostana Linn) reduces tumor growth and lymph node metastasis in
an immunocompetent xenograft model of metastatic mammary cancer carrying a
p53 mutation. BMC Medicine. 9-69.

Subbian, V., Kumar, S.S., Chaithanya, K., Arul, S. J., Kaliyaperumal, G. & Adam, K.
M. (2021). Optimization of solar tunnel dryer for mango slice using response
surface methodology. Materials Today, Proceedings.
https://doi.org/10.1016/j.matpr.2021.02.382.

Suhartati, R., Apriyani, F., Khusnul, Virgianti, D.P. & Fathurohman, M. (2019).
Antimicrobial activity test of mangosteen leaves ethanol extract (Garcinia
mangostana Linn) against Pseudomonas aeruginosa bacteria. J. of Physics: Conf.
Series. 1179, 012167.

Sukatta, U., Takenaka, M., Ono, H., Okadome, H., Sotome, l., Nanayama, K.,
Thanapase, W. & Isobe, S. (2013). Distribution of major xanthones in the pericarp,
aril, and yellow gum of mangosteen (Garcinia mangostana Linn.) fruit and their
contribution to antioxidative activity. Biosci. Biotechnol. Biochem. 77(5), 984 —
987.

Sukma, M., Tohda, M., Suksamran, S. & Tantisira, B. (2011). y-mangostin increases
serotoninzasnc, muscarinic, histamine and bradykinin receptor mRNA expression.
J. of Ethnopharmacology. 135, 450 — 454,

Sun, A., Chi, X,, Yang, X., Feng, J., Li, Y. & Zhou, J. (2019). Applications and prospects
of ultrasound-assisted extraction in Chinese herbal medicine. Open Acc. J. Bio. Sci.
1(1),5-15.

Suphamityotin, P. (2011). Optimizing enzymatic extraction of cereal milk using response
surface methodology. Songklanakarin J. Sci. Tech. 33 (4), 389 — 395.

Suttirak, W. & Manurakchinakorn, S. (2014). In vitro antioxidant properties of
mangosteen peel extract. J. Food Sci. Tech. 51(12), 3546 — 3558.

Suvarnakuta, P., Chaweerungrat, C. & Devahastin, S. (2011). Effects of drying methods

on assay and antioxidant activity of xanthones in mangosteen rind. Food Chem.
125, 240 — 247.

91


https://doi.org/10.1016/j.matpr.2021.02.382

Tacer-Caba, Z. (2019). The concept of superfoods in diet. In The Role of Alternative and
Innovative Food Ingredients and Products in Consumer Wellness, ed. Galanakis,
C.M.; Academic Press, Elsevier, London, UK; Chapter 3, pp. 73 — 94.

Tachakittirungrod, S., Okonogi, S. & Chowwanapoonpohn, S. (2007). Study on
antioxidant activity of certain plants in Thailand: Mechanism of antioxidant action
of guava leaf extract. Food Chem. 103, 381 — 388.

Tada, I.; Tsugawa, H.; Meister, I; Zhang, P.; Shu, R.; Katsumi, R.; Wheelock, C. E.;
Arita, M.; Chaleckis, R. (2019). Creating a reliable mass spectral-retention time
library for all ion fragmentation-based metabolomics. Metabolites. 9 (251), doi:
10.3390/metab09110251.

Tadtong, S., Wannakhot, P., Poolsawat, W., Athikomkulchai, S. & Ruangrungsi, N.
(2009). Antimicrobial activities of essential oil from Etlingera punicea rhizome. J.
Health Res. 23 (2): 77 — 79.

Tran, T. V., Nguyen,D. T.C.,Le,H. T.N., Ho, H. L., Nguyen, T. T., Doan, V., Nguyen,
T.D. & Bach, L. G. (2019). Response surface methodology-optimized removal of
chloramphenicol pharmaceutical from wastewater using Cu3(BTC)2-derived
porous carbon as an efficient adsorbent. Comptes Rendus Chimie. 22, 794 — 803.

Utomo, B. S. B., Darmawan, M., Hakim, A. R. & Ardi, D. T. (2014). Physicochemical
properties and sensory evaluation of jelly candy made from different ratio of K-
carrageenan and konjac. Squalen Bulletin of Marine & Fisheries Postharwest &
Biotechnology. 9(1), 25-34.

Vemu, B., Nauman, M.C., Veenstra, J.P. & Johnson, J.J. (2019). Structure activity
relationship of xanthones for inhibition of Cyclin Dependent Kinase 4 from
mangosteen (Garcinia mangostana L.). Int. J. Nutr. 4(2), 38 — 45.

Vilela, A. & Cosme, F. (2016). Drink Red: Phenolic Composition of Red Fruit Juices
and Their Sensorial Acceptance. Beverages. 2 (29);
doi:10.3390/beverages2040029.

Voravuthikunchai, S.P. & Kitpipit, L. (2005). Activity of medicinal plant extracts against
hospital isolated of methicillin-resistant Staphylococcus aureus. Clinical Microb.
& Inf. 11(6), 493 — 512.

Wan, M. A,, Faridda, H. A. H. & Sharifah, N. S. J. (2019). Valorization of mangosteen,
“The Queen of Fruits,” and new advances in postharvest and in food and
engineering applications: A review. J. of Adv. Res. 20, 61-70.

Wang, M., Firrman, J., Liu, L.S. & Yam, K. (2019). A review on flavonoid apigenin:
Dietary intake, ADME, antimicrobial effects, and interactions with human gut
microbiota. BioMed Res. Int. https://doi.org/10.1155/2019/7010467.

WHO. (2019). WHO global report on traditional and complementary medicine 2019.
World Health Organization, Geneva, Switzerland.

92


https://doi.org/10.1155/2019/7010467

Widyarman, A. S., Lay, S. H., Wendhita, I. P., Tjakra, E. E., Murdono, F. I. & Binarta,
C. T. O. (2019). Indonesian mangosteen fruit (Garcinia mangostana L.) peel
extract inhibits Streptococcus mutans and Porphyromonas gingivalis in biofilms in
vitro. Contemp. Clin. Dent. 10, 123-128.

Wijesinghe, W.AJ.P. & Jeon, Y.J. (2012). Enzyme-assistant extraction (EAE) of
bioactive components: A useful approach for recovery of industrially important
metabolites from seaweeds: A review. Fitorerapia. 83, 6 — 12.

Wilkins, M. R., Widmer, W. W., Grohmann, K. & Cameron, R. G. (2007). Hydrolysis
of grapefruit peel waste with cellulase and pectinase enzymes. Biores. Tech. 98,
1596 — 1601.

Xie, Z., Sinatra, M., Chang, T. & Ou, B. (2015). Daily consumption of a mangosteen-
based drink improves in vivo antioxidant and anti-inflammatory biomarkers in
healthy adults: a randomized, double-blind, placebo- controlled clinical trial. Food
Science & Nutrition. 3 (4), 342 - 348.

Xiong, Y., Zhang, P., Warner, R.D., Shen, S., Johnson, S. & Fang, Z. (2020). HPLC-
DAD-ESI-QTOF-MS/MS qualitative analysis data and HPLC-DAD quantification
data of phenolic compounds of grains from five Australian sorghum genotypes.
Data in Brief. 33, 106584.

Yang, B., Liu, X. & Gao, Y. (2009). Extraction optimization of bioactive compounds
(crocin, geniposide and total phenolic compounds) from Gardenia (Gardenia
jasminoides Ellis) fruits with response surface methodology. Innovative Food Sci.
& Emerging Tech. 10, 610 — 615.

Low, P.Y. & Chan, S.W. (2017). Application of red pitaya powder as a natural food
colorant in fruit pastille. J. Gizi Klinik Indonesia. 13 (3), 111 — 120.

Yeong, K.Y., Khaw, K.Y, Takahashi, Y., Itoh, Y., Murugaiyah, V. & Suzuki, T. (2020).
Discovery of gamma-mangostin from Garcinia mangostana as a potent and
selective natural SIRT2 inhibitor. Bioorganic Chem. 94, 103403.

Yokoyama, T., Ueda, M., Ando, Y. & Mizuguchi, M. (2015). Discovery of y-mangostin
as an amyloidogenesis inhibitor. Sci. Reports. 5,13570. doi: 10.1038/srep13570.

Zainol, M. K., Che-Esa, N.S., Azlin-Hasim, S., Zamri, A.l., Mohd Zin, Z. & Abdul
Majid, H.A. (2020). The ramification of Arabic gum and gelatine incorporation on
the physicochemical properties of Belimbing Buluh (Averhoa belimbi) fruits
pastilles. Food Research 4(2), 532 - 538.

Zarena, A.S. & Sankar, K.U. (2009). Supercritical carbon dioxide extraction of
xanthones with antioxidant activity from Garcinia mangostana: Characterization
by HPLC/LC-ESI-MS. J. of Supercritical Fluids. 49, 330 — 337.

Zhang, Y., Li, S., Yin, C, Jiang, D., Yan, F. & Xu, T. (2012). Response surface

optimization of aqueous enzymatic oil extraction from bayberry (Myrica rubra)
kernels. Food Chem. 135, 304 — 308.

93



Zheng, Y., Liu, Z. & Mo, B. (2016). Texture profile analysis of sliced cheese in relation
to chemical composition and storage temperature. J. of Chem. Article 1D 8690380.

94





