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Abstract: Thanaka (H. crenulata, N. crenulata, L. acidissima L.) is a common tree in Southeast Asia
used by the people of Myanmar to create their distinctive face makeup meant for daily sun protec-
tion and skincare. Moreover, it is used as a traditional remedy to treat various diseases since it can
also be applied as an insect repellent. In this systematic review, the chemical and biological proper-
ties of Thanaka have been summarised from 18 articles obtained from the Scopus database. Various
extracts of Thanaka comprise a significant number of bioactive compounds that include antioxidant,
anti-ageing, anti-inflammatory, anti-melanogenic and anti-microbial properties. More importantly,
Thanaka exhibits low cytotoxicity towards human cell lines. The use of natural plant materials with
various beneficial biological activities have been commonly replacing artificial and synthetic chem-
icals for health and environmental reasons as natural plant materials offer advantages such as anti-
oxidant, antibacterial qualities while providing essential nourishment to the skin. This review
serves as a reference for the research, development and commercialisation of Thanaka skincare
products, in particular, sunscreen. Natural sunscreens have attracted enormous interests as a po-
tential replacement for sun protection products made using synthetic chemicals such as oxybenzone
that would cause health issues and damage to the environment.

Keywords: natural product; natural sunscreen; green sunscreen; sunblock; Hesperethusa crenulata;
Naringi crenulata; Limonia acidissima L.

1. Introduction

Thanaka is a common tree that can be found around Southeast Asia. Scientific names
of Thanaka include Hesperethusa crenulata (syn. Naringi crenulata) and Limonia acidissima L.
It is native to the Republic of Myanmar, India, Malaysia, Sri Lanka, Java and Pakistan.
Common names include Thanaka to the Burmese and belinggai in Malaysia. The Thanaka
tree was first described by Talbot (1909) as “a spinous, glabrous, small tree” with straight
thorns, smooth leaf stalk, with 5-7 leaflets where the edge of the leaf is crenulate (minutely
scalloped). The leaflets are also described as non-scented when crushed. The fruits are
oblong in shape, with black, smooth textured rind, with red/purplish-tinged flesh.
Thanaka is a small tree that can grow to a height of 10 m, commonly grown on dry hills
or in dry jungles. The stem is light yellow in colour, with a yellowish-grey, smooth and
corky bark.

Thanaka tree is unique to the people of Myanmar where the yellowish powder
ground from the tree bark has been used as traditional skincare and cosmetic product for
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over 2000 years. The earliest written evidence of the use of Thanaka in Myanmar can be
found in a 14th century poem written by King Razadarit’s companion and in 15th century
literature works of Shin Manaratthasara, a Burmese monk-poet. Artefact evidence of the
kyauk pyin (round stone slab) was found after an earthquake in 1930 in the ruins of
Shwemawdaw Pagoda. Kyauk pyin (round stone slab) is traditionally used to grind
Thanaka bark powder and it was said to belong to the daughter of King Bayinnaug that
ruled in the 15th century. Meanwhile, some believe that the history of Thanaka may date
back more than 2000 years ago where the legendary queen of Peikthano, Queen Phantwar
loved Thanaka. Peikthano is an ancient Pyu city and according to historians, the Pyu peo-
ple intermarried with Sino-Tibetan migrants and subsequently became a part of the Bur-
man ethnicity [1]. The legend of Queen Phantwar is always a favourite children’s bedtime
story in Myanmar.

In Myanmar, the use of Thanaka bark powder is a part of their unique culture and
the people are proud to wear the Thanaka paste made by mixing the Thanaka powder
with water. The Burmese would grind the bark powder by using kyauk pyin with water
to form a paste that gives a cooling sensation and a sandalwood-like fragrance. As an old
Asian proverb goes: “The world’s most beautiful women have a Thai smile, Indian eyes
and Burmese skin”. The Burmese have indeed been known for their beautiful skin and
people believed that it is due to the benefits of wearing Thanaka paste as a traditional skin
conditioner, which is thought to prevent acne, smoothen the skin as well as provide sun
protection. Additionally, the Thanaka paste has also been used as a mosquito repellent. In
addition, skin conditioning, the Burmese women also wear the Thanaka paste as makeup
by drawing floral patterns as the paste would dry and remain as solid yellowish crusts
after the liquid is absorbed into the skin (Figure 1).

Figure 1. Burmese women wearing Thanaka paste. (Picture was taken by LT Gew during her visit
to Yangon, Myanmar.

Various chemical and biological studies have been performed on the bark, leaf, fruit
and seed of Thanaka from 1971 until the present time. Nayar, Sutar and Bhan (1971) and
Nayar and Bhan (1972) identified an alkaloid 4-methoxy-1-methyl-2-quinolone(I), two
coumarins suberosin and marmesin from the petrol extracts of H. crenulata [2,3]. Mean-
while, Joo et al. (2004) also found marmesin in methanol/chloroform (1:1) extract of
Thanaka which comprise UV-absorbing chromophores that could absorb a wide range of
UV-A radiation found in the chemical structure of marmesin [4]. Kim et al. (2008) found
3 tyramine derivatives, acidissimina A, acidissimina B and acidissimina B epoxide and 2
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phenolic compounds, oxiranyl-(3,5-dimethoxy-4-hydroxy-phenyl)-methanol and oxira-
nyl-(3,4,5-trimethoxy-phenyl)-methanol in ethyl acetate extract of L. acidissima [5].

Based on the previous studies mentioned, polyphenol contents are commonly found
in various Thanaka extracts. Polyphenol is a common class of non-volatile secondary plant
metabolite used throughout the years for their potential health benefits which, depending
on their chemical structures, may provide antioxidant, anti-inflammatory and anti-car-
cinogenic properties that could help in the prevention of diseases. Among the sub-classes
of polyphenols, coumarin is found to be commonly present in Thanaka extracts. Couma-
rin, or 2H-1-benzopyran-2-one, is part of a large class of phenolic substance made from
fused a-pyrone rings and benzene [6]. At least 1300 different coumarins have been iden-
tified. These natural coumarins can be classified into six types, mainly simple coumarins,
furanocoumarins, dihydrofuranocoumarins, pyranocoumarins, phenylcoumarins and bi-
coumarins [7]. Coumarins are characterised by UV-light absorption, which results in a
characteristic blue fluorescent that is also photosensitive, easily altered by natural light
[7,8]. Coumarins are also ascribed to many pharmacological activities such as anti-inflam-
matory, anti-microbial, anti-clotting, hypotensive and anti-cancer [7]. Thus, coumarins are
used in many medicinal applications. Moreover, coumarin has a sweet odour that is sim-
ilar to newly mown hay, resulting in its use in perfume formulations since 1882 [7]. Cou-
marins are also used in the formulations of skincare products such as aftershave lotions,
cleansing products, moisturisers and sunscreen products.

In this review, the chemical and biological properties of Thanaka and its cosmeceu-
tical applications have been summarised. The use of natural plant materials with various
beneficial biological activities are now a trend in replacing artificial and synthetic chemi-
cals for the regulation of health and environmental matters as natural plant materials offer
advantages such as antioxidant, antibacterial qualities and providing essential nourish-
ment to the skin. This review will serve as a reference for the development of skincare
products containing Thanaka, particularly, sunscreen. Natural sunscreens have attracted
enormous interests as the replacement of sun protection products made using synthetic
chemicals such as oxybenzone that would not only cause health issues but also damage
the environment such as water pollution and coral reef destruction.

2. Methods

This systematic review was conducted based on the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) standard [9]. The guidelines helped in
the selection of related and necessary information and enabled the evaluation and exam-
ination of the quality and meticulousness of the review.

Resourcing of articles was conducted through the Scopus database in June 2020. The
first stage of the systematic review process included the identification of keywords, fol-
lowed by the searching process for related terms based on encyclopaedias and past re-
search. In this case, the keywords used for this review were based on the common and
scientific names of the plant of interest in order to perform a detailed review covering
most aspects of this plant, using the search string as shown in Table 1. The contemporary
result successfully retrieved a total of 74 records from the Scopus database.

Table 1. Database Search string (SCOPUS).

“Limonia Acidissima L.” OR “Hesperethusa crenulata” OR “Naringi crenulata” OR “Thanaka” OR “Li-
monia crenulata”

Screening of the records was conducted to select suitable references. In this case, no
duplication occurred hence the 74 records were further screened based on several inclu-
sion and exclusion criteria. The first criterion was the article type which focused on pri-
mary source research articles. Hence, publications in the form of review, erratum and con-
ference proceedings were excluded and, in this case, a total of five articles were excluded.
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It is worth mentioning that the systematic review only focused on articles published in
English, while there was no limitation placed on the timeline due to the few publications
retrieved. Most importantly, articles with full-text access were selected. Articles retrieved
from the Scopus search were downloaded as full-texts through search engines such as
Lancaster University OneSearch, Google Scholar, Elsevier and ResearchGate. Overall, a
total of 50 articles were selected for the eligibility screening process.

For eligibility screening, the title, abstract and the main contents of all 50 articles were
examined thoroughly to ensure that relevant and sufficient information fit the objectives
of the review. Hence, 32 articles were excluded. Out of the 32 articles were excluded, 14
articles were not relevant to the topic in this manuscript and 13 articles had insufficient of
information on Thanaka. Ultimately, the remaining 18 articles were selected for the qual-
itative synthesis as shown in Figure 2. The information tabulated in Table 4 was obtained
through Google search engines and websites of the companies that manufacture Thanaka
products in Southeast Asia.

Records retrieved using
Scopus
(n=74)

A 4

Records excluded due to
review articles, erratum,
conference paper
(n=5)

A 4

Total records after

screened
(n=69)
Full-text articles excluded
Full-text articles assessed due to irrelevant content
for eligibility > and/or insufficient
(n=50) information
(n=32).

Studies included in
qualitative synthesis
(n=18)

Figure 2. Flow diagram of the systematic review information adopted with modification from
PRISMA.

3. Chemical Constituents and Phytochemical Screening of Thanaka

Table 2 showed the chemical constituents and phytochemical analysis of Thanaka. In
1971, Nayar et al. found that the alkaloid, 4-methoxy-1-methyl-2-quinolone, from the Thanaka
stem bark petroleum extract, could be purified through chromatography on neutral alumina
and crystallised for molecular structure identification using nuclear magnetic resonance
(NMR) [2]. Later in 1972, Nayar and Bhan used the same method as Nayar et al. 1971 and
identified sitosterol in the petrol fraction, suberosin and 7-methoxy-6-(2,3-epoxy-6-methyl-
butyl) coumarin from petro-benzene (19:1) fraction, as well as 4-methoxy-1-methyl-2-quino-
lone, marmesin and suberenol from petrol-benzene (9:1) fraction [3]. Niu et al. (2001) extracted
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Thanaka stem bark powder using 70% acetone, crude resuspended in water and repeated ex-
traction with ethyl acetate, followed by column chromatography over silica gel to form a frac-
tion of chloroform, chloroform acetate (9:1 and 4:1) and acetone. Then, crystalline from the
eluted fractions were characterised through optical rotation, IR spectra, UV spectra, mass spec-
trometry (MS) and NMR, to determine 21 bioactive compounds in Thanaka stem bark: alka-
loids (crenulatine, n-benzoyltyramine methyl ether, tembamid, 4-Methoxy-6-hydroxy-1-me-
thyl-2-quinolone), flavanones (2'4',5,7-Tetrahydroxyflavanone, 3,4'5,7-Tetrahydroxyfla-
vanone), aromatic compounds (syringlaldehyde, 1,3,5-trimethoxybenzene), coumarins (7-hy-
droxycoumarin, angustifolin, pimpinellin, moellendorffilin), triterpenoid (lupeol),
tetranortriterpenoids (limonexin, limonin, deacetylnomilinate), steroids (stigmast-4-en-6[3-ol-
3-one, schleicheol 2, 3 (-hydroxy-5a,8 a-epidioxyergosta-6,22-diene) and lignans (syrin-
garesinol, lyoniresinol) [10]. In 2004, Joo et al. 2004 extracted Thanaka bark using methanol
and chloroform (1:1, v/v) solvent, purified through silica gel chromatography, eluted with
chloroform followed by thin-layer chromatography (TLC) with 40:1 (v/v) of chloroform and
methanol and further purified with silica gel chromatography [4]. The second TLC was carried
out to obtain the fraction with the strongest fluorescence spots. The fraction chosen was fur-
ther purified using high-performance liquid chromatography (HPLC) to obtain the final dried
crystallised active compound for mass spectrometry (MS) analysis. Joo et al. (2004) character-
ised the active compound as marmesin and identified that its structure was able to absorb a
wide range of UV-A radiation [4]. Kim et al. (2008) conducted repeated column chromatog-
raphy on ethyl acetate extracts of Thanaka bark and found 3 tyramine derivatives (acidis-
simina A, acidissimina B and acidissimina B epoxide) and two phenolic compounds (oxiranyl-
(3,5-dimethoxy-4-hydroxy-phenyl)-methanol and oxiranyl-(3,4,5-trimethoxy-phenyl)-metha-
nol) [5]. Sarada et al. (2011) identified 20 bioactive compounds (listed in Table 2) found in
Thanaka stem bark ethanol extract, meanwhile,16 bioactive compounds (listed in Table 2) in
Thanaka leaf ethanol extract through Gas chromatography Mass spectrometry (GC-MS), with
5 compounds in common including 3,5-dimethyl-Octane, 1,1,3-triethoxy-Propane, 3-ethyl-5-
(2-ethylbutyl)-Octadecane, 9-hexyl-Heptadecane and 1,3,5-trimethyl-2-octadecyl-cyclohex-
ane) [11]. Sampathkumar and Ramakrishnan (2012) identified 27 compounds (listed in Table
2) through GC-MS from Thanaka leaf ethanol extract prepared by hot extraction method using
Soxhlet apparatus [12].

Some researchers conducted phytochemical analysis on the Thanaka extracts prior to
mass spectrometry analysis or chromatography profiling. Sampathkumar and Rama-
krishnan (2012b) conducted phytochemical analysis on the stem, bark and leaf of Thanaka
extracted with ethanol reported that the ethanolic leaf extract results in the presence of
proteins, lipids, phenols, tannins, flavonoids, saponins and quinones, while the ethanolic
stem extract contains proteins, lipids, phenols, carbohydrate, reducing sugar, tannin, fla-
vonoid, saponin and alkaloids; the ethanolic bark extract also reportedly contained almost
the same contents as the stem extract except there was no alkaloid determined while
triterpenoid and quinone were present in the bark extract [13]. Sampathkumar and Rama-
krishnan (2012) then profiled the extracts of stem, bark and leaf using high-performance
thin-layer chromatography (HPTLC) and observed 10 peaks with R values in the range
of 0.08 to 0.65 in stem ethanol extract; 8 peaks with Rfvalues in the range of 0.07 to 0.63 in
bark ethanol extract; and 8 peaks with Rfvalues in the range of 0.09 to 0.49 in leaf ethanol
extract. Pratheeba et al. (2019) reported that the phytochemical components of Thanaka
leaf extracted with different solvents that varied between the hexane (non-polar) extract
possess alkaloids, quinones and carbohydrates while ethyl acetate (slightly polar) extracts
possess only saponins and carbohydrates. While methanol (polar) and acetone (polar)
possess similar components (phenols, alkaloids, saponins, tannins and carbohydrates) ex-
cept methanol extract possess extra components of proteins and flavonoids. They then
conducted GC-MS analysis on the Thanaka fruit acetone extract and identified 8 com-
pounds as listed in Table 2 [14]. Meanwhile, Vasant and Narasimhacharya (2013) con-
ducted phytochemical analysis on petroleum ether extracts of Thanaka fruit and reported
fibres (47 g/kg), phytosterols (38.7 g/kg), polyphenols (67.4 g/kg), flavonoids (0.6 g/kg),
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saponins (0.18 g/kg) and ascorbic acid (0.54 g/kg), however, they did not conduct any fur-
ther MS analysis or profiling as their main objectives were to observe the regulating effects
of Thanaka fruit in fluoride-induced hyperglycaemia and hyperlipidaemia [15]. Coinci-
dentally, Pandavadra and Chanda (2014) also conducted only phytochemical analysis
without further MS analysis or profiling on the crude powder of Thanaka stem bark and
leaf, reporting that the Thanaka crude stem bark powder contained alkaloids, flavonoids,
cardiac glycosides, triterpenes and steroids while the Thanaka crude leaf powder con-
tained alkaloids, flavonoids, tannins, cardiac glycosides, triterpenes and steroids [16].

Among all the chromatography results, one common compound (Caryophyllene)
was found in studies carried out by Sarada et al. (2011) and Pratheeba et al. (2019). How-
ever, the biological functions of the identified compounds in Table 2 were not discussed
and investigated by the respective authors.

Table 2. Chemical constituents and phytochemical analysis of Thanaka.

Scientific Solvent Instrumental Analysis and Charac-
Name and . .. Results References
Extraction terizations Tests
Parts
Thin-layer chromatography (TLC)
performed with 40:1 mixture of
chloroform and methanol.
Methanol and chloro- Further purification done through
form (1:1) silica gel chromatography and 2nd

Stem bark

Evaporated extract pu- with strongest fluorescence spots.
rified by silica gel chro-

matography, eluted
with chloroform.

Active compound characterized as marmesin (2,3-dihydro-
2-(1-hydrozy-1-methylethyl)-furanocoumarin), which tested
to be able to absorb wide range of UV-A radiation (Amax at
335 nm).

TLC performed to obtain fraction,

[4]

Fractions then purified using re-
verse-phase High-performance lig-
uid chromatography (HPLC) and
dried to obtain crystallized active
compound by Mass Spectrometry
(MS) analysis.

Petroleum

Extract was purified by chromatog-

raphy on neutral alumina, then re-

chromatography and recrystalliza-

tion. Alkaloid compound identified as 4-methoxy-1-methyl-2-

quinolone.

Crystalline compound was analysed

through nuclear magnetic resonance

(NMR) spectroscopy.

(2]

Petroleum

Solvent chromatographed on neu-1. Identified sitosterol from petrol fraction.

tral alumina. 2. Identified suberosin and 7-methoxy-6-(2,3-epoxy-6-

1. Eluted petrol fraction and methylbutyl) coumarin from petrol-benzene (19:1)

petrol-benzene fractions (19:1, 9:1, fraction.

1:3) 3. Identified 4-methoxy-1-methyl-2-quinolone, marme-
sin and suberenol from petrol-benzene (9:1) fraction.

Crystalline compounds were ana-4.  No compound reported in petrol-benzene (1:3) frac-

lysed through NMR spectroscopy. tion.

(3]

Extracted with 70% ace-
tone to obtain the crude”;
and suspended in wa-

ter, then repeated ex-

traction using ethyl ace-

tate

1. Isolation: Compounds identified:

Residue of 2nd extraction subjected]. Alkaloids:

to column chromatography over sil-Crenulatine

ica gel N-Benzoyltyramine methyl ether

Fractions crystalline wereTembamid

characterized using: 4-Methoxy-6-hydroxy-1-methyl-2-quinolone
Optical rotation, IR spectra, UV2. Flavanones [10]
spectra, mass spectrometry (MS)2',4’,5,7-Tetrahydroxyflavanone

and NMR spectra 3,4',5,7-Tetrahydroxyflavanone

3. Fractions obtained: 3. Aromatic compounds

L Chloroform Syringlaldehyde

1I. Chloroform acetate (9:1, 4:1) 1,3,5-Trimethoxybenzene

II.  Acetone 4. Coumarins
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7- Hydroxycoumarin
Angustifolin

Pimpinellin
Moellendorffilin

5. Triterpenoid

Lupeol

6. Tetranortriterpenoids
Limonexin

Limonin

Deacetylnomilinate

7. Steroids
Stigmast-4-en-6[3-ol-3-one
Schleicheol 2

3 B-Hydroxy-5a,8 a-epidioxyergosta-6,22-diene
8. Lignans
Syringaresinol

Lyoniresinol

20 phytocomponents identified in bark ethanolic extract,
namely:

2-Dimethylsilyloxytridecane
Octane, 3,5-dimethyl-

Undecane

Propane, 1,1,3-triethoxy-

1-Octanol, 3,7-dimethyl-
Octadecane, 3-ethyl-5-(2-ethylbutyl)-
Heptadecane, 9-hexyl-
13-Heptadecyn-1-ol
4-Trifluoroacetoxyhexadecane

S0 XN T R W=

Gas chromatography Mass spec- 0. 1-Undecene, 5-methyl-
Ethanol trometry (GC-MS) analysis 11.  1-Hexadecanol, 2-methyl- [11]
12.  2-Nonadecanone 2,4-dinitrophenylhydrazine
13.  17-Pentatriacontene
14.  Isoquinolin-6-ol, 7-methoxy-1-methyl-
15.  Dibutyl phthalate
16.  4H-Pyrazolo[3,4-b]pyran-5-carbonitrile, 6-amino-4(4-
hydroxy-3-metoxyphenyl)-3-methyl-
17.  2H-Furo[2,3-h]-1-benzopyran-2-one, 8,9-dihydro-8(1-
hydroxy-1-methylethyl)-, (S)-
18.  Cyclohexane, 1,3,5-trimethyl-2-octadecyl-
19. Hexa-t-butylselenatrisiletane
20. Ethyl iso-allocholate psi.,.psi. -Carotene,1,1',2,2'-tetra-
hydro-1,1'dimethoxy
Compounds identified:
1.  Acidissimina A
Column 2. Acidissimina B
Ethyl Acetate 3. Acidissimina B epoxide [5]
chromatography . .
4 Oxiranyl-(3,5-dimethoxy-4-hydroxy-phenyl)-metha-
nol
5. Oxiranyl-(3,4,5-trimethoxy-phenyl)-methanol
Phytochemicals found in Leaf:
Alkaloids
Flavonoids
Tannins
Cardiac glycosides
Cruc%e powder, no ex- Phytochemicals Tnter.penes
Stem bark & traction was per- analysis Steroids [16]
Leaf formed. Phytochemicals found in Stem bark:
Alkaloids
Flavonoids
Cardiac glycosides
Triterpenes
Steroids
Ethanol Phytochemicals Present in leaf: (12]

analysis

Protein
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Lipid

Phenol

Tannin
Flavonoid
Saponin
Quinone
Present in stem:
Protein

Lipid
Carbohydrate
Reducing Sugar
Phenol

Tannin
Flavonoid
Saponin
Alkaloid
Present in bark:
Protein

Lipid
Carbohydrate
Reducing Sugar
Phenol

Tannin
Flavonoid
Saponin
Triterpenoid
Quinone

Leaf

8 peaks with Ry values in the range of 0.09 to 0.49

High-performance Thin Layer

., Otem
Chromatography (HPTLC) prOﬁl-lO peaks with Ryvalues in the range of 0.08 to 0.65
ing

Bark
8 peaks with Rrvalues in the range of 0.07 to 0.63
16 phytocomponents in leaf ethanolic extract, namely
1.  Butane, 1,1-diethoxy-2-methyl-
2. Vitamin D3
3. Octane, 3,5-dimethyl-
4. Propane, 1,1,3-triethoxy-
5. 4-Trifluoroacetoxytridecane
6. Acetic acid, trifluoro-, 3,7-dimethyloctyl ester
7. Heptadecane, 9-hexyl-

Ethanol GC-MS analysis 8.  1-Butanol, 3-methyl-, formate [11]
9. Tetratetracontane
10.  Cyclohexane, 1,3,5-trimethyl-2-octadecyl-
11.  Caryophyllene
12.  Cholesta-8,24-dien-3-ol, 4-methyl-, (3a,4a)-
13.  Sumatriptan
14.  Docosanoic acid, 1,2,3-propanetriyl ester

Leaf 15.  7,8-Epoxylanostan-11-ol, 3-acetoxy-
Octadecane, 3-ethyl-5-(2-ethylbutyl)-
27 compounds identified in leaf extract, namely
1. Tetraethyl silicate, silicic acid (HsSiO4), tetraethyl ester
2. Caryophyllene bicyclo (7.2.0)undec-4-ene,4,11,11-tri-
methyl-8-methylene, [IR-(1R,4E,9S)

3. Alpha-Caryophyllene 1,4,8-Cycloundecatriene,2,6,6,9-

Hot extraction method tetramethyl-,(E,E,E)-

using Soxhlet appa- 4. 1,6- Cyclodecadiene,1-methyl-5-methylene-8-(1-meth-

GC-MS analysis [13]

ratus by mixing pow-
dered leaf in ethanol.

ylethyl)-,[ss-(E,E)]-Germacrene D
4-Methyl-dodec-3-EN-1-o0l

Nonanal pelargonaldehyde

Hexahydroaplotaxene

Caryophyllene oxide 5-oxatricyclo [8.2.0.0(4,6)-]do-
decane4,12,12-trimethyl-9-methylene-,

9.  44-Dimethyl-2-cyclohexen-1-ol

® N
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10.  2,2,5,5'-Tetramethyl-1,1'-Biphenyl

11.  1-Nonadecene

12.  2-Ethyl-1-Dodecene

13.  Isophyto 1-hexadecen-3-0l,3,7,11,15-tetramethyl-
14. n-Hexadecanoic acid

15.  7-Teradecenal, (Z)-

16. n-Tetracosanol-1 Lignoceric alcohol

17.  Pentafluoropropionic acid, hexadecyl ester
18.  Dioctyl phthalate

19.  1-Octadecanol

20. n-Eicosane

21. Henicosyl formate

22.  2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexa-

methyl-, (all-E)- All-trans-squalene
23.  n-Nonacosane
24. n-Hexatriacontante
25.  Alpha-Tocopherol-acetat (vitamin E acetate)
26.  Lup-20(30)-en-3-one
27. 2-Heptadecyloxirane

Acetone

GC-MS analysis

8 compounds were found, namely

1. 2-Hexadecen-1-O}, 3,7,11,15- Tetramethyl-, [R-[
Caryophyllene

Phenol, 2-Methyl-5-(1-Methylethyl)-
Pentadecanoic acid

(-)-5-Oxatricyclo [8.2.0.0(4,6)] Dodecane, 12-Trim
9, 12-Octadecadienoic acid (Z,Z)-
3,7,7,-Trimethyl-1-Penta-1,3-Dienyl-2-Oxabicyclo
[3.2.0] Hep

NG ®N

8. Stigmast-5-En-3-0], (3.Beta)-Stigmast-5,22-Dien-3-O1

Hexane
Ethyl acetate
Acetone
Methanol

Phytochemical
analysis

Hexane
Alkaloids
Quinones
Carbohydrate
Ethyl acetate
Saponins
Carbohydrates
Acetone
Phenols
Alkaloids
Saponins
Tannins
Carbohydrates
Methanol
Phenol
Flavanoids
Alkaloids
Saponins
Tannins
Proteins
Carbohydrates

[14]

Fruits Petroleum ether

Phytochemical

analysis

Fibre content:

Acid and alkaline treatment
Phytosterol:

Ferric chloride/sulfuric acid
Saponin & Flavonoid:
Vanillin/sulfuric acid
Polyphenol:
Folin-Ciocalteu

Ascorbic acid content:

2,4-dinitrophenylhydrazine reagent

Fibres (47 g/kg)
Phytosterols (38.7 g/kg)
Polyphenols (67.4 g/kg)
Flavonoids (0.6 g/kg)
Saponins (0.18 g/kg)
Ascorbic acid (0.54 g/kg)

[15]

Unit (g/kg) expressed as gram per 1 kg of Thanaka fruit powder.
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4. Biological Properties of Thanaka
4.1. Antioxidant Activity

Antioxidants, or free-radical scavengers, are substances that prevent or slow down
the cell damage caused by free radicals, which is an unstable molecule produced by the
body reacting to environmental stress, thus protecting human health [17]. Sources of an-
tioxidants can be natural or artificial; however, natural sources of antioxidants from plants
are generally preferred by people as they are believed to be safer. Polyphenols that can be
found commonly in most plants are considered a highly effective antioxidant, as the struc-
tural chemistry of polyphenols derived from plants is ideal for scavenging free radicals,
which have been shown to possess more effective antioxidants in vitro than vitamins E
and C [17]. Antioxidants are also able to preserve food.

Total phenolic content (TPC) and diphenyl-picrylhydrazyl (DPPH) are commonly
employed to determine the antioxidant activities of plant extracts using spectrophotomer.
The amount of phenolic content of the plant extract is evaluated using the Folin-Ciocalteu
colorimetric method. The commonly used standards are gallic acid, pyrocatechol and tan-
nic acid. The DPPH assay is widely used to antioxidant activities by measuring the total
radical scavenging capacity of antioxidants toward the stable free-radical, subsequently
reacts with hydrogen donor compounds.

Antioxidant activities of Thanaka extracts were evaluated by several scientists as
mentioned in Table 3. In particular, Wangthong et al. in 2010 evaluated various extracts
of Thanaka stem bark using different solvents including hexane, methanol, ethyl acetate,
85% aqueous ethanol and water. Through DPPH antioxidant assay, they found that the
85% ethanol extracts of Thanaka stem bark possessed the highest antioxidant activity
while hexane had the lowest activity [18]. They also evaluated the TPC in the Thanaka
stem bark extracts where the methanol extracts possessed the highest amount of TPC
while hexane extract possessed the lowest TPC amount. In 2012, Shermin et al. also per-
formed a DPPH antioxidant test on Thanaka stem bark extracts of different solvents in-
cluding chloroform, petroleum ether and methanol. The results showed that the chloro-
form extract possessed the highest antioxidant activity followed by petroleum ether, then
methanol [19]. In 2017, Sonawane and Arya evaluated the antioxidant activity of the pro-
tein hydrolysates obtained from Thanaka seeds through DPPH, 2,2'-azino-bis (3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS), ferric reducing antioxidant power (FRAP) and metal
chelating ability assay. They found that the DPPH assay was not suitable for protein hy-
drolysates, while in FRAP assay the absorbance reading did increase as the concentration
of protein hydrolysates increased; however, the results are lower compared to the Trolox
standard. In ABTS assay and metal chelating ability assay, the relationship between the
concentration of protein hydrolysates and antioxidant activity was linear and the antiox-
idant activity was observed to be higher than Trolox standard [20]. Later in 2020, Sona-
wane et al. tested Thanaka seed protein hydrolysates in storage and colour stability of
anthocyanins. They reported that the storage stability of anthocyanin slightly increased
by 10 h and 34 min at 0.12% protein hydrolysate concentration but decreased at a higher
concentration by 2%, while the colour stability of anthocyanin increased as the concentra-
tion of Thanaka seed protein hydrolysates increased [21]. In 2018, Jantarat et al. formu-
lated four herbs including Thanaka bark powder into an herbal ball and tested for its an-
tioxidant activity through DPPH assay resulting in antioxidant activity lower than the
gallic acid standard by 40-fold [22].

4.2. Antimicrobial Activity

It is worth mentioning that traditionally Thanaka is used as an acne treatment rem-
edy as well as an antifungal. This resulted in scientists” enthusiasm to evaluate the anti-
microbial activity of Thanaka. Wangthong et al. (2010) did both minimum inhibitory con-
centration (MIC) and minimum bactericidal concentration (MBC) assay by treating vari-
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ous solvent extracts of Thanaka stem bark onto Staphylococcus aureus (S. aureus) and Esch-
erichia coli (E. coli) and by using clindamycin as the standard. The results showed that all
extracts possessed a slight antibacterial activity that is 10-to-20-fold lower against E. coli
and 300-folds lower against S. aureus when compared with the clindamycin standard [18].
Interestingly, the herbal ball comprised of four herbs, i.e., Andrographis paniculata, Centella
asiatica, Benchalokawichian and Thanaka bark powder was prepared by Jantarat et al., 2018,
showed antibacterial activity against Propionibacterium acnes (P. acnes) at a concentration
of 31.25 pg/mL in both MIC and MBC assay [22].
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Table 3. Biological activities of Thanaka.

Scientific Name

Solvent Extraction Biological Assays Results References
and Parts
Antioxidant Activity
Diphenyl-picrylhydrazyl (DPPH) 85% ethanol > methanol = ethyl acetate > water > dichloromethane > hexane (high-
radicals scavenging est to lowest)
Total Phenolic Content (TPC)
. Methanol > ethyl acetate > 85% ethanol > dichloromethane > water > hexane (high-
Folin—Ciocalteu reagent
est to lowest)
Tyrosinase Inhibition Activity
Dichloromethane >hexane > ethyl acetate > 85% ethanol > water > methanol (high-
est to lowest)
Kojic acid as positive control Original bark powder also showed very mild tyros?nase inhibition activity, may
be due to colour of powder affected microplate reading.
Solvents: . o .. . .
Hexane Tyrosinase inhibition activity of the Thanaka extracts are mild as compared to kojic
Dichloromethane Antibacterial Activit acid.
Stem bark Ethyl acetate n 1 ac er.la - C Iy - [18]
Minimum inhibitory concentration
Methanol

85% Aqueous ethanol
Distilled water

(MIC) assay and
Minimum bactericidal concentration
(MBC) assay

Bacteria used:
Staphylococcus aureus and Escherichia
coli

Standard used:
Clindamycin

All extracts and original bark powder possessed a slight antibacterial activity that
is 10-to 20-fold lower activity against Escherichia coli (E. coli) and a 300-fold lower
activity against Staphylococcus aureus (S. aureus), when compared with clindamy-
cin.

Cytotoxicity using MTT Assay

Cell line used:
human melanoma A-375 cell line

Standard used:

Dichloromethane (0.30 + 0.01) < hexane (0.48 + 0.01) < ethyl acetate (0.90 + 0.01) <
85% ethanol (12.81 + 0.16) < methanol (15.30 + 0.20) < water (19.07 + 0.49) (highest
to lowest). ICso of standard doxorubicin = 0.0003 + 0.00
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Doxorubicin

Original bark powder at 15 mg/mL showed no detectable cytotoxicity effect on A-
375 cells.

Anti-Inflammatory Activity

Cell line used:
Murine macrophage like cell line
RAW 264.7

Standard used:
Parthenolide

Hexane > dichloromethane > ethyl acetate > 85% ethanol > methanol > water (high-
est to lowest)

All extracts possessed 80-90% high anti-inflammatory activity at non-toxic con-
centrations (80% cell viability)

Genotoxicity using Comet assay

Cell line used:

A-375 cell line

Positive control:
Hydrogen peroxide
Concentrations of samples:

Those that showed 95% cell viability

from MTT assay

All six extracts and original bark powder exhibited no genotoxicity, while obvious
DNA strand breaks were observed in cells treated with very low concentrations of
hydrogen peroxide.

Leaf

Extraction:

Leaf powder was added into
double distilled water, boiled in
water bath follow by filtration to
acquire pure extract.

Tin nanoparticles (SnO2 NPs)

Cell Viability Test using MTT assay

Cell line used:

Human cervical cancer (SiHa) cell line

Positive control used:
Cisplatin (10 pg/mL)
Concentrations of samples:
SnO2 NPs (20200 pg/mL)

Cell viability of SiHa cells reduced in a concentration-dependent manner of SnO:
NPs. Concentration of SnO2 NPs at 35 + 0.03 ug/mL was fixed as effective dose.

synthesis: Morphological Assessment of Apoptosis [23]
Tin chloride was mixed in the 1. AO/EtBr dual staining:
leaf extract, heated in a water . . L Cells treated with SnO2 NPs and cisplatin displayed existence of necrotic and
. Dual staining using acridine . . .
bath to obtain paste, followed by . apoptic cells. Treated cells for 1 day showed percentage increase of apoptic cells to
o . orange (AO) and ethidium o o
calcination to obtain dark grey > 60 + 0.25% and 75 + 0.25%.
. bromide (EtBr) . .

coloured dry material, and Hoechst 33528 stainin 2. Hoechst 33528 staining;:
grinded to powder for further 8 Cells treated with SnO2 NPs and cisplatin displayed late apoptotic cells. Abnormal
use. nuclei present in cisplatin and SnO2 NPs treated cells were 63 + 0.5 and 78.2 + 0.4%.
Solvents: Larvicidal Activity
H :

exane Larva us'e d ) Acetone (1.020 mg/L) > methanol (1.134 mg/L) > ethyl acetate (1.815 mg/mL) > hex- [14]
Ethyl acetate Culex quinquefasciatus ane (9.744 mg/L) (highest to lowest)
Acetone Negative control: ) & 8
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Methanol DMSO treatment
Extract concentration:
100, 200, 300, 400, 500, 600, 700, 800
and 900 mg/L
Preparation of defatted seed Antioxidant Activity
flour:
Seeds were grounded to fine DPPH assay was found not a suitable assay for protein hydrolysates. As the con-
powder, removed fat by soaking centration increases, precipitation occurred; subsequently, the cloudiness affects
and stirring in petroleum ether, the antioxidant activity measurement.
and then decanted solvent (Re- 1. DPPH radicals scavenging
peat 3 times). Seed flour then air 2.  2,2"-azino-bis(3-ethylbenzothia- In ABTS assay, the scavenging activity % of protein hydrolysates are observed to
dried. zoline-6-sulfonic acid) (ABTS)  be increasing as the concentration of peptides increases and results in higher scav- (20]
assay enging activity % compared to Trolox.
Protein hydrolysates preparation:3.  Ferric reducing antioxidant
Defatted seed flour was sus- power (FRAP) assay In FRAP assay, the absorbance of FRAP did increase when the concentration in-
pended in alkali extraction, then 4.  Metal chelating ability creases, but results much lower compared to Trolox.
centrifuged to obtain superna-
Seed tant. Supernatant then further In metal chelating ability assay, the activity % increases as the concentration in-
ce precipitated at pH 4, washed creases and the % is observed to be higher than Trolox.
thrice and dried in vacuum oven.
Storage Stability
Concentration of L. acidissima protein
. . hydrolysates (LAPH): ranging from
Protein hydrolysates preparatlon.0.04 to 2.00% Preservation of anthocyanin was observed to slightly increase from 2.81 days to
Defatted seed flour was sus- . .
. . . 3.25 days at 0.12% LAPH concentration but decrease to 3 days at concentration
pended in alkali extraction, then o . o
) . Added to 5% crude anthocyanin ex- 2.00%.
centrifuged to obtain superna- . [21]
tract and stored in the presence of
tant. Supernatant then further .
recipitated at pH 4, washed light for 0-5 days.
preeip ] Colour Stability and Fading of Anthocyanin
thrice and dried in vacuum oven. - - — - - -
pH differential method: Colour stability of anthocyanin was observed to be higher when treated with
Red intensity measured at absorbance2.00% LAPH, while the colour stability also increase as the concentration of LAPH
523 nm. increases at different concentrations, as compared to non-treated anthocyanin.
Regulation of Fluoride-Induced Hyperglycaemia and Hyperlipidaemia
. Solvent: Animal model: FC groups showed a significantly increase plasma glucose levels, G-6-Pase activity
Fruits i R . . . [15]
Petroleum ether Colony-bred male albino rats and a significantly decreased hepatic glycogen content and hexokinase activity

while fruits powder treated groups F LA (I, II, III) led to a significant decrease in
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Sample groups:

NC (Normal control)

FC (fluoride control)

F LA I (fluoride-exposed given 2.5
g/kg fruit powder in feed)

F LA II (Given 5 g/kg in feed)

F LA III (Given 10 g/kg in feed)

plasma glucose levels and G-6-Pase activity, while an increase in hepatic glycogen
content and hexokinase activity in a dose-dependent manner.

LA treatment also increased in a dose-dependent manner in the plasma HDL-C
content and decreased plasma TL, TC, TG, LDL-C, VLDL-C and AI content in flu-
oride-exposed mice.

Dose-dependent decrease of hepatic lipid profiles was observed in LA-treated flu-
oride-exposed mice.

Solvent:
Methanol

Extracted crude extract frac-

Cytotocivity

Brine shrimp used:
Artemia salina

Positive control used:

Vincristine sulphate (0.451 ug/mL) > petroleum ether (2.0779 pug/mL) > chloroform
(6.8975 ug/mL) > methanolic (20.6226 pg/mL) (highest to lowest)

. . Vincristine sulphate [19]
tioned into: Antioxidant Activity
1.Methanolic extract - -
2.Petroleum ether soluble fractionDPPH radicals scavenging
3 Chloroform soluble fraction BHT (17.6.9 pg/mL) > Chlorof(?rm (18.8 ug/mL) > petroleum ether (37.64 ug/mL) >
Butylated hydroxy toluene (BHT) methanolic (292.16 pg/mL) (highest to lowest)

Stem bark as control
Preparation: Antioxidant Activity
Four herbs powder including DPPH radicals scavenging Overall antioxidant activity of herbal ball extract (219.27 + 36.98 ug/mL) is lower
Thanaka bark powder were than gallic acid (4.97 + 0.16 pug/mL) by 40-fold.
mixed, wrapped in muslin cloth, Gallic acid as control -
dipped in water and steamed ~ Antibacterial Activity using MIC and MBC assay [22]
over hot water bath. Crude ex-  Cell line used: The herbal ball extract showed anti P. acnes activity with the MIC value equal to
tract was squeezed from the Propionibacterium acnes (P. acnes) the MBC, which is 31.25 ug/mL.
herbal ball, then centrifuged, fil-
tered supernatant and finally, = Tetracycline (0.24 to 0.0075 pg/mL) as The activity of herbal ball extract was lower by 500-fold as compared to tetracy-
freeze dried. control cline (MIC= 0.06 pig/mL).
Extraction: Wound Healing Activity
Chopped leaf was mixed in 50 ~ Formulation of ointment:

Leaf mL of deionized water, boiled ~Batch A: simple ointment without Thanaka leaf mediated extract AgNPs > betadine (standard) > no treatment (Neg- [24]

over microwave oven for 10 min,

then cooled and filtered.

any treatment (control)

Batch B: Betadine (5% w/w) (standard

drug)

ative control) (highest to lowest)
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Synthesis of silver nanoparticles Batch C: Silver nanoparticles (5%

(AgNPs):

w/w) synthesized using Thanaka leaf

Aqueous extract was added into extract.

aqueous solution of silver nitrate,

AgNO:s (1 mM), shaked to mix

In vivo wound healing activity

and kept in dark conditions until Animal model: Wistar male albino

noticeable colour change.

Formation of AgNPs was moni-
tored by UV-Vis spectral scan-
ning in 300-700 nm range.

rats

Wound model preparation:
One-excicion wound inflicted by cut-
ting 500 mm? full thickness of skin
from back of rats

Treatment Group I:

Negative control. Treated with Batch
A ointment.

Treatment Group II:

Treated with standard ointment Batch
B.

Treatment Group III:

Treatment with AgNPs ointment
Batch C.
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4.3. Cytotoxicity and Cell Viability

Since it is a traditional remedy that is used on the skin, it is important to know the
cytotoxicity of Thanaka to determine the safety of use. Wangthong et al. in 2010 evaluated
both cytotoxicity and genotoxicity of Thanaka stem bark extracts on the human melanoma
A-375 cell line. According to their observation, the original bark powder did not show any
signs of cytotoxicity towards the A-375 cells, while the water, methanol and 85% ethanol
extracts showed very low cell cytotoxicity. However, ethyl acetate, hexane and dichlro-
methane showed slightly higher cytotoxicity against A375 cells but overall, much lower
than the doxorubicin standard. As for genotoxicity, Wangthong et al., 2010 claimed that
all extracts and original bark powder exhibited no genotoxicity [18]. Ma et al. (2020) eval-
uated the cytotoxicity of Thanaka leaf extract mediated tin (IV) oxide nanoparticles (SnO:
NPs) against human cervical cancer (SiHa) cell line and resulted in the cell viability of
SiHa cells to reduce as the concentration of Thanaka leaf extract mediated SnO2 NPs in-
creased. They also assessed the morphology of the SiHa cell to observe for cell apoptosis.
SiHa cells displayed the existence of necrotic and apoptotic cell morphology after treating
the SiHa cells with the Thanaka leaf SnO2 NPs for 24 h [23].

Additionally, toxicity model such as Artemia salina (A. salina) brine shrimp and Culex
quinquefasciatus (C. quinquefasciatus) mosquito larvae were employed in cytotoxicity
screening of Thanaka extracts [14,19]. Shemin et al. (2012) evaluated the cytotoxicity of
Thanaka stem bark extracts on brine shrimp A. salina and observed that there is slightly
higher cytotoxicity in petroleum ether and chloroform extracts, while very low cytotoxi-
city was observed in methanol extract; however, the cytotoxicity of all extracts is much
lower than the vincristine sulphate standard [19]. Pratheeba et al. (2019) evaluated the
larvicidal efficacy activity of various Thanaka leaf extracts against C. quinquefasciatus. A
higher mortality rate was observed in C. quinquefasciatus larvae at 24 h post-treatment with
acetone extract of Thanaka leaf with lethal concentration 50 (LC50) and lethal concentra-
tion 90 (LC90) values as low as 1.02 mg/L and 1.93 mg/L respectively, followed by meth-
anol extract with 1.13 mg/L LC50 and 2.24 mg/L LC90 values, ethyl acetate extract with
1.81 mg/L LC50 and 4.14 mg/L LC90 and hexane extract with 9.74 mg/L LC50 and 2.34
mg/L LC90 [14].

4.4. Other Biological Properties

Since Thanaka bark powder has been traditionally used for UV-protection and skin
conditioning by the Burmese, it encouraged scientist to evaluate its tyrosinase inhibition
activity. Tyrosinase is a copper-containing enzyme that is recognised for melanogenesis
and pigmentation activity [25]. Therefore, tyrosinase inhibition activity is important to
prevent forming of pigments on the skin. Wangthong et al. (2010) evaluated the tyrosinase
inhibition activity of the Thanaka stem bark extracts. The overall tyrosinase inhibition ac-
tivity of Thanaka stem bark extracts and pure powder are mild when compared with the
Kojic acid standard; however, when compared among the various Thanaka extracts, di-
chloromethane extract had the highest tyrosinase inhibition activity, whereas methanol
had the lowest tyrosinase inhibition activity [18].

The anti-inflammatory activity of the Thanaka stem bark extracts was also evaluated
by Wangthong et al. (2010). Inflammation is a response pattern of the body towards injury
or allergens that involves the accumulation of cells and exudates in irritated tissues to
prevent and protect from further damage. However, inflammatory reactions cause pain,
redness, swelling and heat to the body; hence, the role of anti-inflammatory activity is
important in relieving these symptoms. The anti-inflammatory activity of various
Thanaka stem bark extracts was performed in the murine macrophage-like cell line RAW
264.7 using the stem bark extracts and they observed that all extracts possessed an 80-90%
high anti-inflammatory activity at non-toxic dosages (80% cell viability) ranked in the or-
der: Hexane > dichloromethane > ethyl acetate > 85% ethanol > methanol > water. Hence,
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it is proven that the stem bark extracts of Thanaka possess high anti-inflammatory activity
and a mild level of tyrosinase inhibition activity [18].

Vasant and Narasimahcharya (2013) experimented on the ability of petroleum ether
extract of Thanaka fruit powder on the regulation of fluoride-induced hyperglycaemia
and hyperlipidaemia in colony-bred male albino rats. Hyperglycaemia is the condition of
high glucose level circulating in the blood and when persistently high, may cause diabetes
while hyperlipidaemia is the condition of elevation of cholesterol or triglycerides in blood
circulation, both conditions are menacing to health. In rat groups fed with Thanaka fruit
powder (2.5 g/kg in feed, 5 g/kg in feed, 10 g/kg infeed), it showed dose-dependent sig-
nificant results in the decrease of plasma glucose levels, G-6-Pase activity, plasma total
lipid (TL), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol
(LDL-C), very-low-density lipoprotein cholesterol (VLDL-C), apolipoprotein (Al) content
and hepaticlipid profiles, while an increase in plasma high-density lipoprotein cholesterol
(HDL-C) content is also observed [15]. Therefore, the petroleum ether extract of Thanaka
fruit extract can regulate hyperglycaemia and hyperlipidaemia conditions.

Wound healing activity of Thanaka leaf biomolecules coating silver nanoparticles
(AgNPs) was also evaluated by Bhuvaneswari et al. (2014) on Wistar male albino rats and
compared with standard drug Betadine [24]. Silver nanoparticles are antimicrobial agents
that have been used in skin ointments and creams to deliver extensive applications to
prevent infection of burns and open wounds [26]. The results showed that the Thanaka
leaf AgNPs had higher wound healing activity than the standard drug betadine [24].
However, the authors did not compare the Thanaka leaf AgNPs healing effect with only
Thanaka leaf extract; therefore, no conclusions could be made as to whether the wound
healing is mainly because of the silver nanoparticles or if the Thanaka extract boosted the
healing effect of AgNPs or both.

5. Cosmeceutical Products Containing Thanaka in the Southeast Asia Market

In Table 4, we tabulated the Thanaka cosmetic products that are manufactured and
sold in Southeast Asian countries such as Myanmar, Thailand and Malaysia. Notable
brands, namely, Shwe Pyi Nann [27] and Truly Thanaka [28] from Myanmar, Suppaporn
[29] and De Leaf [30] from Thailand, Thanaka Malaysia [31] and Bio Essence [32] from Ma-
laysia are commonly found over the counter in shopping malls and pharmacies as well as
online. Local brands from Myanmar (snake brand, Pann Chit Thu, Myat Bhoon Pwint), Ma-
laysia (Taté Skincare Malaysia [33]) are also producers of Thanaka cosmeceutical products.
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Table 4. Some of Thanaka products in the market in Southeast Asia.

Country Brand Type of Products Ingredients Functions References
E t Shinmat Thanak - Made with Thanaka bark and Myan-
xport Shimatatmng thanaka pow ade with “hanata bark anc Vyan Protects skin from UV damage, provides anti-aging effect.
der mar medicinal herbs
Kant Kaw Stamen Thanaka powder Made with kan kaw stamen and Prov1de.s U_V protectlor} antljbacter.lal, antl-ﬁ.mgal, anti-pigmentation
Thanaka bark and anti-aging effect, with skin cooling sensation and fragrance.
Thanaka with lime powder Thanaka bark with lime Provides acne-clearing, anti-pigmentation and skin soothing effect.
Whitening Thanaka powder Thanaka bark with lime
Thanak der with jasmine fra-
Jasmine Thanaka powder graar::ae a powder with jastiine tra
Provid -cleari d anti-pi tation effect. With f .
Rose Thanaka powder Thanaka powder with rose fragrance rovides acne-clearing and anfrpigmentation etiect. TWith ragrance
Star flower Thanaka powder Thanaka powder with star flower fra-
grance.
Thanaka Aloe vera body lotion Thanaka powder with aloe vera Fo.r antx-agmg, acne treatment, moisturizing and UV protection with
skin soothing effect from aloe vera.
F ti-aging, treat t, isturizi d UV tecti ith
. Thanaka Jasmine body lotion Thanaka powder with jasmine Sor anti-aging, acne treatment, MOISIHHZING an protection wi
Shwe Pyi Nann jasmine fragrance.
Thanaka Kant Kaw Stamen body lo- ~ Thanaka powder with kant kaw sta- For anti-aging, acne treatment, moisturizing and UV protection with
tion men. whitening effect and fragrance from kant kaw stamen. (27]
F ti-agi treatment, moisturizi d UV protecti ith
Myanmar Thanaka Lime body lotion Thanaka powder with lime or antiaging, acne ‘reatment, mOISHIrZING an protection wi
whitening effect and fragrance from lime.
Thanaka original body lotion Thanaka powder For anti-aging, acne treatment, moisturizing and UV protection.
F ti-agi treat: t, isturizi d UV tecti ith
Thanaka Rose body lotion Thanaka powder with rose. or antiaging, acne ‘reatment, mOISIUrZINg an UV protection wi
whitening effect and fragrance from rose.
Thanaka Shimmataung Root body Thanaka powder with Shimmataung For anti-aging, acne treatment, moisturizing and UV protection with
lotion root. whitening effect from Shimmataung root.
F ti-agi treat: t, isturizi d UV tecti ith
Thanaka Star flower body lotion Thanaka powder with star flower or anti-aging, acne treatment, moisturizing and UV’ protection wi
fragrance from star flower.
Thanaka powder with rose, jasmine, . . . . L. .. . .
. Moisturizes skin, acne-clearing, whitening, anti-pigmentation and anti-
Thanaka pudding face cream star flower, aloe vera, kant kaw stamen .
. aging effect.
and lime
Provid li ti kin, control tand oil on skin t -
Snake brand Wild Thanaka cooling powder Thanaka powder rovide CooTng sensation on skin, Contro's sweat anc ot on skn to pre
vent rashes and acne.
Pann Chit Thu Thanaka perfume block Thanaka powder Rub with clean Water fmd.apply as face mas.k. Provides anti-aging,
smoothens the skin, whitening and UV-protection.
Myat Bhoon Pwint Whitening Thanaka lotion Thanaka powder Provides skin with moisture and whitening of skin.
F treat; t, anti-pi tation, enh ki lexity, anti-
Truly Thanaka 100% Pure thanaka powder Thanaka powder or acne treatment, anti-pigmentation, enhance skin complexity, anti [28]

aging.
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Royal youth Thanaka anti-aging
treatment lotion serum

Pure Thanaka & 24 K gold face
mask

Bamboo charcoal & Thanaka deep
cleanse face mask powder
Colloidal oatmeal & Thanaka face
mask powder

Jasmine rice & Thanaka detoxifying
mask

Kaffir lime, honey & Thanaka soap

Acne + blemish clearing night serum

Thanaka powder

Thanaka powder with 24 K gold

Thanaka powder with bamboo char-
coal

Thanaka powder with colloidal oat-
meal

Thanaka powder with jasmine rice

Kaffir lime, honey and Thanaka
Thanaka extract with vitamins A, C
and E

Anti-aging and antioxidant. Provides skin with moisture and cooling
effect for post-sun exposure.

Added 24 K gold to enhance anti-aging properties.

Provides deep cleansing to heal acne, brightens skin and shrinking
pores for firming of skin.

Helps relieve skin irritations caused by eczema and skin rashes.

Helps to detoxify, soothes skin for post-sun exposure. In addition,
brightens skin and reduce dark circle appearance.
For gentle cleansing, anti-acne and moisturizing of skin.

For anti-aging, anti-acne, removes skin blemishes and even skin tone.

General powder for multiple uses as face masks or body scrub, pro-

Thanak. d Thanak. d
anaka powder anaka powder vides oil control, moisturizing, acne clearing and whitening effect.
Thanaka soap Thanaka powder Cleanses and exfoliate skin for whitening and softening of skin.
Uses as facial and body scrub or face and body mask.
Supaporn 100% pure Thanaka powder Thanaka powder Whitening of skin, anti-oxidant, anti-aging, oil control, acne treatment, [29]
moisturizing and UV-protection.
Herbal scrub Thanaka powder and collagen Formulzflted 'w1th Thanaka and collagen to exfoliate for brighter skin
and moisturize skin.
Herbal face scrub Thanaka powder Exfoliates for brighter skin.
Formulated to control sebum, conceal dullness, supress occurrence of
sweat and rashes, while also provides a cool sensation and sense of fra-
Loose powder Thanaka powder
. grance when used. The loose powder can also be used as a face mask
Thailand . i
for smooth and clear skin when mix with water.
Foundation powder Thanaka powder with vitamins C & E P.r0V1c.1es SPF 20 PA +++ .forl uv prot.ectlon, 911 c.ontrol, forrflulat.ed w1.th
vitamins C and E for anti-pigmentation, anti-aging and moisturize skin.
Duo translucent loose powder Thanaka powder and pomegranate Hellps t.o control facial oiliness prior to face makeup, prevents acne and
De Leaf powder anti-aging. [30]
. N o Thanaka extract with vitamins A, C, E For.mulellted leth v%tarrTms A, .C, .E and al.oe vera extljact tf) nourish,
Moisturizing & whitening cream moisturize skin, anti-aging, anti-pigmentation and repairs skin damage
and aloe vera extract
from UV rays.
White & Smooth body serum Thanaka extract Nourishes and hydrates skin, with whitening effect.
Face mask Thanaka extract For anti-aging and brightening of skin.
Soap Thanaka powder Gentle exfoliator with moisturizing, anti-aging and skin brightening ef-
fect.
. . Powder as face mask Thanaka powder Multi-purpose povx./cller acting as f?lce masks to prevent acne, dark spot
Malaysia ThanakaMalaysia treatment and traditional application as sunscreen. [31]

Permanent hair removal

Thanaka powder

Exfoliation.
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It is sold in package containing a bottle of 100 mL safflower oil and 25

g Thanaka powder.
Available in three types (original, treatment and hydrating soap) to ca-
Handmade Soap Thanaka powder ter for different skin types including acne prone skin, dry skin and nor-
mal skin types.
Formulated with hyaluronic acid, Thanaka extract and Ross water
X . Hyaluronic acid, Thanaka extract and scent.
GloSkin series-Face serum L . .
rose water scent For anti-aging, acne treatment, remove skin blemishes, unblock pores

and evens skin tone.

Formulated with Thanaka powder, glutathione powder and turmeric.
For detoxifying, acne removal, even out skin tone and reduce appear-
ance of dark eye circles.

Thanaka powder, glutathione powder

GloSkin series-Face mask R
and turmeric

Face cleanser Thanaka extract Deep cleansing and whitening.
Skin refiner Thanaka extract For double Clea.nsing,. promote .absmTptic.)n of subsequent skin care
products, pore tightening and skin whitening.
Skin serum Thanaka extract Skin whitening and anti-pigmentation.
Bio Essence Day cream Thanaka extract Provides moisture, anti-pigmentation and SPF 20 for UV-protection. [32]

Night cream Thanaka extract Provides skin moisturization, anti-pigmentation and repairs skin.
Spot corrector Thanaka extract Lighten dark spots and anti-pigmentation.
Face mask Thanaka extract Moisturising and whitening.
Tone up cream Thanaka extract Skin whitening and conceals blemishes for instant tone-up effect.

Taté Skincare Malay- I;L;zen;l”hanaka Collagen Gold face Thanaka extract with collagen Provides anti-aging effects. (33]

sia . . . N .
Organic pure Thanaka face cream Thanaka extract Provides anti-acne, anti-aging effect and smoothens skin.
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Shwe Pyi Nann Co. Ltd. is the leading manufacturer and exporter of Thanaka to Thai-
land, Malaysia, Singapore and the Philippines, which lead to the production of Thanaka
products in Thailand and Malaysia. Companies manufacturing Thanaka products are
mainly found in Southeast Asia since Thanaka bark thrives in the hot weather of countries
located near the equator, where sunlight is more intense as compared to other parts of the
Earth. Thus, in order to protect our skin from harmful UV rays, the demand for sunblock
products and after-sun treatment is essential in Southeast Asian countries.

The Burmese apply Thanaka powder directly onto their skin as sunscreen. However,
the yellow patches left on the cheek (Figure 1) are not widely accepted by other countries
except Myanmar. Hence, to benefit more people with the natural sunscreen, Thanaka skin-
care products such as soap, loose powder, foundation powder, face scrub, body lotion and
face scrub are produced. In order to meet the consumers and market demand, Thanaka is
also formulated into cleanser, serum, moisturiser, acne spot treatment cream and tone up
cream. Most of the manufacturers add active ingredients such as vitamins, collagen and hy-
aluronic acid to increase the synergic effect and provide treatment to various skin condi-
tions. Some of the products of Shwe Pyi Nannare are enhanced with the scent of flowers
and herbs to make the products appear more attractive to consumers. In general, a scent is
added to the beauty product to neutralise the unpleasant odour of its ingredients.Brands
such as Truly Thanaka, de Leaf and ThanakaMalaysia produce Thanaka products contain-
ing vitamins A, C and E, collagens, 24 k gold, hyaluronic acid, aloe vera, turmeric, glutathi-
one, jasmine rice and pomegranate powder that beneficial to the skin, such as protect our
skin from environmental damage such as pollution, improve our skin condition and help to
fight the effects of ageing such as wrinkles and pigmentation. Furthermore, quality ingredi-
ents such as bamboo charcoal were added as an exfoliator, meanwhile, kaffir lime and honey
were added to enhance the cleansing effect and body brightening.

6. Conclusions and Perspectives

Thanaka has been used as the traditional skincare by the people of Myanmar for over
2000 years due to the belief in its anti-ageing, acne-clearing and sun protecting benefits.
The people in Southeast Asia also use it as a traditional remedy for various purposes such
as insect repellent and wound healing. Among its renowned benefits, its antioxidant, anti-
bacterial and cytotoxicity are the most studied properties using various Thanaka extracts.
The phytochemical analysis is among the favourite method by scientists to discover the
natural bioactive compounds in Thanaka.

Although the extensive chromatography analysis of Thanaka was performed on ex-
tracts of various solvents, the authors did not further discuss the biological functions of
each compound in most of the publications reviewed in Table 2. Conversely, most of the
biological assays were performed using extracts of Thanaka without further isolation of
pure bioactive compounds from the extracts (Table 3). This gap could be improved by
collaboration between chemists and biologists in the discovery of bioactive compounds in
natural products. Moreover, most authors utilised organic solvents such as hexane, chlo-
roform, ethyl acetate, ethanol and methanol (Table 3) to perform the extraction.
Wangthong et al. (2010) mentioned that the solubility of extracts and toxicity of organic
solvents may affect the accuracy of results as most of the biological assays use polar buffer
solutions [18]. Thus, the use of green solvents (such as glycerol) in extracting bioactive
ingredients may be a good alternative to organic solvents in the extraction of natural prod-
ucts, particularly, in the development of skincare products. The development of green
skincare products will significantly prevent users from experiencing any allergic skin re-
actions. Furthermore, green solvents require minimum waste management. It is hoped
that this review may serve as a reference that will lead to new scientific discoveries.
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