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Abstract— Eurycoma longifolia (Tongkat Ali Jack) is a valuable source of medicinal metabolites such as eurycomanone, which
is an important ingredient in food supplement and drugs. The plant extracts and products are known for their aphrodisiac
activities beside antimalarial, antiulcer, antitumor and antibacterial activities. Procedures that are involved in extraction of this
plant focus on nonconventional methods such as maceration and decoction while nonconventional procedures such as
microwave and ultrasonic assisted extraction methods are still to be deeply investigated. Nonconventional methods are highly
nominated to increase the extract yield and subsequently the concentration of major metabolites, a concept that is investigated
in the field of chemical engineering.
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1. INTRODUCTION

Malaysia is a global herbal producer with the attention of financial supports for research related focusing on ethnobotany,
phytochemicals, processing, biochemistry, pharmacology, and clinical trials of medicinal herbs [1] and exporting products that
increase sexual desire and enhance performance and general well-being [2] such as the products of Eurycoma longifolia, which
known as Tongkat Ali.

E. longifolia is an important source of phytochemicals that are responsible for the various bioactivities of this plant, such activities
include aphrodisiac, antimalarial and antitumor activities [3-5]. Studies revealed certain ranges of extract yields and increase in
their yield through exhaustive procedures that are considered time and energy consuming, such as maceration, reflux and soxhlet
extractions that exceeded 4% total dry yield only in few studies [6, 7], however, the extraction procedures provided increase in
phytochemicals concentration by increasing the total yield and reducing the loss in conventional extraction methods [8, 9].
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2. BIOLOGICAL BACKGROUND OF EURYCOMA LONGIFOLIA
A.Taxonamy and description

Simaroubaceae is a large pantropical family which is known to contain bitter substances called quassinoids [10], it
consists of six subfamilies that is distributed into around 200 species [11]. Simarouboideae is the largest subfamily
consisting most of the genera such as the genus Eurycoma [12, 13]. Genus Eurycoma includes two species found
in Malaysia, E. longifolia and E. apiculata [14].

E. longifolia is an evergreen slow growing herbal plant, that reaches a maximum height of 15 to 18 m, completes
maturation in up to 25 years, bears 2 to 3 cm long fruits after 2 to 3 years; leaves are pinnate, spirally arranged and
reaches 25 to 38 cm long with 10 to 30 leaflets with flowers formed in large panicles [1, 15].

B. Phytochemicals of E. longifolia

As a member of the Simaroubaceae family, Eurycoma longifolia is rich in quassinoids, triterpenes, canthin-6-
ones, squalene derivatives, biphenylneolignans and B-carboline alkaloids [16], protein, phenolic compounds,
terpenoids, flavonoids and cardiac glycosides [17].

Extracts and products of E. longifolia are usually standardized by eurycomanone, the major quassinoid and most
abundant phytochemical in the plant [18, 19]. Volatiles were proposed in authentication of E. longifolia extracts
by certain sensors [20]. Peptides and proteins were used in profiling the extracts to determine the geographical
origin of the plant [21, 22] illustrated the usefulness as biomarkers for authentication of extracts and commercial
products [23-25]. Minerals were also detected in plant tissue and presented two groups of major elements (>1
g/kg) and minor element (<g/kg) accompanied with several contaminant metals such as U, Li and Al [21].

3. EXTRACTION, SEPARATION AND ELUCIDATION METHODS

Several extraction procedures were applied on various parts of E. longifolia, but mainly focused on the dried roots
[26]. Even though a pioneer study used petroleum ether to extract a 12 g residue from 8 kg of bark [27]; Most
studies focused on extracting phytochemicals from dried samples of E. longifolia roots, leaves and stems [26] by
the usage of methanol, ethanol or water as solvents while using petroleum ether for defatting samples [28, 29];
whereas it has been perceived that methanol extraction procedures documented the highest yield extract
percentages and ranged between 1.2% and 15.0% of samples weights [30-32] while ethanol yields ranged between
1.8% and 5.3% [26, 33] and water yields between 2.4% and 4.0% of sample weights [34, 35].

Industrial production of E. longifolia extracts depends on water extraction; but it is challenged by quantity and
quality losses that could reach 35% [8, 36], this situation called for various studies on water extraction parameters
and their effects on the total yield [9, 37].

Extraction is followed by fractionation of crude extracts to separate the main classes of phytochemicals with
different polarities [38]; crude extracts of E. longifolia were partitioned by various mixtures of solvents such as
dichloromethane, n- butanol and water [39], ethyl acetate and water [26], Chloroform and water [40], n-butanol
and chloroform [41], n-butanol and water [42], diethyl ether and n-butanol [4], diethyl ether , n-butanol and
water [43], ethyl acetate , n-butanol and water [44], n-butanol , chloroform and water [45] and n-hexane, diethyl
ether , ethyl acetate, n-butanol [31]. Chromatographic techniques usually follow fractionation to obtain the most
purified fractions of metabolites that leads to the structural elucidation stage to identify the compounds (Table 1).

Abbreviations:

MeOH: methanol; EtOH: ethanol; BuOH: butanol; CH,Cl,: dichloromethane: Et,0O: diethyl ether; EtOAc: ethyl
acetate; MeCN: acetonitrile; CC: Column Chromatography; HPLC: High Pressure Liquid Chromatography; RP-
HPLC: Reverse Phase High Pressure Liquid Chromatography; Semipreparative HPLC: Semi-preparative High
Pressure Liquid Chromatography; MPLC: Medium Pressure Liquid Chromatography; UPLC-Q Trap MS: Ultra-
Performance Liquid Chromatography Quadrupole trap mass spectroscopy; RP- MPLC: Reverse Phase Medium
Pressure Liquid Chromatography; IR: Infra-red spectroscopy; UV: Ultra-violet spectroscopy; MS: Mass
spectroscopy; LC-QTOF MS: liquid chromatography quadrupole time of flight mass spectroscopy; H-NMR:
Proton nuclear magnetic resonance; C-NMR: Carbon nuclear magnetic resonance; HMBC: heteronuclear multiple
bond coherence; COSY: 2D NMR correlation spectroscopy; NOESY: 2D NMR nuclear Overhauser effect;
HRESIMS: High-resolution electrospray ionization mass spectrometry.
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Table (1): Phytochemicals of E. longifolia, from plant parts to extraction, fractionation, separation and structural elucidation techniques

Plant  Extraction Total Fractionation Chromatographic technique Elucidation Phytochemicals Reference
part solvent yield *Stationary phase techniques
(g/g) % **Mobile phase
Roots MeOH 4.9 Et,O CC IR Eurycomanone Darise et al., 1982[46]
BuOH *silica gel uv
H,0 **EtOAc-EtOH-H,O (100: 10: 1)  MS
'H NMR
PC NMR
Stems  MeOH 43 CH,Cl, CC PC NMR Eurycomalactone Itokawa et al., 1992[47]
BuOH * silca gel 60-hydroxyeurycomalactone
H,0 **CH,Cl,- MeOH grad. system 14,15B-dihydroxyklaineanone
11-dehydroklaineanone
Leaves MeOH 4.3 CH,Cl, CC X ray analysis 6-Dehydoxylongilactone Morita et al., 1993[48]
MeOH *silica gel 'H-NMR 7a-hydroxyeurycomalactone
*RP-MPLC HMBC Epoxyeurycomanones
**CH,Cl,-MeOH HR-FABMS 12-Acetyl-13,21-
** MeOH- MeCN dihydroeurycomanone
Hydroxyklaineanone
Leaves EtOH 1.8 e EtOAc Preparative HPLC MS Longilactone Jiwajinda et al., 2001[26]
e H,0 **35% MeOH 6-dehydrolongilactone
11-dehydroklaineanone
Hydroxyklaineanones
EtOH 2.8 Et,O Semipreparative HPLC C18 C NMR Eurycomanone Chan et al., 2004[4]
BuOH **MeCN: H,O Eurycomalactone
Eurycomanol
9-methoxycanthin-6-one
Stems ~ EtOH 53 EtOAc cC 'H-NMR Longilactone Miyake et al., 2009[33]
BuOH *silica gel “C NMR 14-epi-13, 21-dihydroeurycomanone
H,0 **MeOH-CH,CL, grad. system HRESIMS Sa-hydroxyeurycomalactone
*MPLC NOESY 6a-hydroxyeurycolactone E
**EtOAc-hexane grad. system 60,14,15 B-trihydroxyklaineanone
**MeOH-benzene grad. system 3a,40-epoxyeurycomalide B
**MeOH-CHCI; grad. system
** MeOH-CH,Cl, grad. system
Roots  MeOH 4.1 EtOAc CC HRESIMS 2,3-dehydro-4a-hydroxylangilactone Teh et al., 2010 [44]
BuOH *Diaion HP Scopolin
H,0 **H,0-MeOH grad. system
Roots  H20 2.3-2.6 LC-MS/MS LC QTOF MS UPLC-Q Trap MS  Eurycomanone Chua et al., 2011[18]
**H,0-MeCN grad. System Eurycomanol
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Plant  Extraction Total Fractionation Chromatographic technique Elucidation Phytochemicals Reference
part solvent yield *Stationary phase techniques
(g/g) % **Mobile phase
Eurycomalactone
Eurycomalides A and B
Eurycomanol-2-o- §-D-
glycopyranoside
B -Carboline-1-propionic acid
11-Dehydroklaineanone
Ailanthone
Canthin-6-one
Canthin-6-one-3/N-oxide
Eurylene
Klaineanolide B
Laurycolactones A and B
Roots  MeOH 1.0 e EtOAc CC X ray diffraction Eurycomanone Meng et al., 2014[49]
e BuOH *Silica gel analysis Eurycomanol
e H,0 **CH,CL,-MeOH grad. system 'H NMR Eurycomadilactones
BC NMR A*, 14-hydroxyglaucarubol
'H"”C NMR
NOESY
Roots  MeOH 2.2 e Chloroform CC 'H'H COSY Eurycomanone Park et al., 2014[45]
e BuOH *Silica gel Eurycomalactone
e H,0 **hexane-acetone grad. system Longilactone
**CHCL,-acetone Eurylactone A, E, F and G
**CHCL,-MeOH Eurycomalide D and E
HPLC
**MeCN
Roots MeOH 8.0 e n-hexane HPLC uv Eurycomanone Tran et al., 2014[31]
e Et,0 *C18 FTIR Eurycomalactone
e FtOAc *%0.02% TFA-MeOH HRESIMS Eurycolactone E
e BuOH Eurycomalide C
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4. CONCLUSIONS AND PROSPECT

E. longifolia is continuously proving to be a strong candidate for further therapeutic research to expand commercial
purposes [50] with various products [51, 52]; here further photochemical studies of this plant are needed for explanation
of the found results [53], beside further clarification on the toxicity of E. longifolia [54] and development of methods for
standardization and quality assessment of E. longifolia in dietary supplements [55, 56] by using reference products or
standards for direct comparison in investigating adulterated food and drug detection is needed [57].

As clinical data in support of E. longifolia are debated between approved and conflicted scientific views, further
biochemical and clinical studies are required [58, 59]; E. longifolia needs more studies for its’ quality and safety especially
for the long term usage to fulfill the terms of the Drug Control Authority (DCA) of Malaysia [60-62].

The field of chemical engineering needs to address the processed knowledge that targets standardization and increase the
phyto-medicinal value of E. longifolia extracts, innovation is also required to fulfill the application of nonconventional
extraction methods with deeper detailed besides those which were previously investigated [36, 63] with the regard to
optimization of final products. It is necessary to investigate the ability of reducing utility usage, extraction solvents and
processing time with the increase of phytochemical yield.

Chemical engineering also needs to focus on the development of previously applied analytical and purification methods,
and enrich this field with physical and chemical data of phytochemicals in herbs extracts by exploring novel and alternative
methods for extraction, downstream process, finalization and standardization, not only on laboratory levels but also on
industrial scales [64].
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