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Medicinal plants have gained much interest in the prevention and treatment of common human disease
such as cold and fever, hypertension and postpartum. Bioactive compounds from medicinal plants were
synthesised using effective extraction methods which have important roles in the pharmaceutical pro-
duct development. Orthosiphon aristatus (OA), Eurycoma longifolia (EL) and Andrographis paniculata (AP)
are among popular medicinal herbs in Southeast Asia. The major compounds for these medicinal plants
are polar bioactive compounds (rosmarinic acid, eurycomanone and andrographolide) which have mul-
tiple benefits to human health. The bioactive compounds are used as a drug to function against a variety
of diseases with the support of scientific evidence. This paper was intended to prepare a complete review
about the extraction techniques (e.g. OA, EL and AP) of these medicinal plants based on existing studies
and scientific works. Suitable solvents and techniques to obtain their major bioactive compounds and
their therapeutic potentials were discussed.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Plants were once considered as a daily food. Now, plants are
popular used as a common source in medicinal agents, food addi-
tives, cosmeceuticals and nutraceuticals (Hendra et al., 2011).
Although, the medicinal properties of plants have gained attention,
many research studies are still conducted to discover their values
because the utilisation of synthetic drugs to heal or control most
chronic diseases have caused several long-term effects. There is ris-
ing approach regarding the application of herbal medicinal plants
in treating diseases with minimal or no aftereffects. Therefore,
the extraction of bioactive compounds from herbal medicinal
plants offers great potentials for new drug discoveries.

These therapeutically useful medicinal compounds in plants are
extracted or separated by using selective solvents through a stan-
dard procedure. Generally, the extraction techniques can be
divided into two categories, namely classical technique and mod-
ern technique. The former technique faces several limitations, such
as the use of excess solvents, time-consuming and a long heating
time which could risk the degradation of bioactive compounds.
In most cases, extraction by using these solvents was hazardous
and toxic to human health and the environment. Organic solvents
release greenhouse gases into the environment, threatening
humans, agriculture and microorganisms. Moreover, the usage of
excess solvent produces a large amount of waste by-products. Con-
trary to the hazardous classical techniques, environmentally-
friendly extraction approaches like ‘green solvents’, ‘green process-
ing’ and ‘green product’ are favoured. Green extraction methods
should be applied to encourage efficient and safe extraction
method. Green extraction methods reduce energy consumption
Fig. 1. Classification of po

144
which allow the use of alternative solvents and renewable natural
sources to produce a safe and high-quality product (Easmin et al.,
2015). Therefore, these modern extraction techniques are consid-
ered as green processing. These techniques reduce the usage of
organic solvents, minimise bioactive compounds degradation in
the sample and improve extraction efficiency.

In this review, chemical constituents of the bioactive com-
pounds, extraction techniques, solvent extraction for certain bioac-
tive compounds, and biological activities of Orthosiphon aristatus
(Blume) Miq., Eurycoma longifolia (Jack) and Andrographis panicu-
lata (Burm.f.) Nees, will be extensively discussed.

2. Orthosiphon aristatus, Eurycoma longifolia and Andrographis
paniculata and their chemical constituents

Active constituents found in Orthosiphon aristatus (O. aristatus)
are terpenoids, polyphenols and sterols (Tezuka et al., 2000).
Polyphenols are the dominant constituents in O. aristatus
(Hollman and Katan, 1999). Polyphenol compounds can be divided
into five groups, which are phenolic acids, flavonoids, stilbenes,
coumarins and tannins (Shahidi & Yeo, 2018; Li et al., 2014).
Fig. 1 summarises the classification of polyphenol compounds.

It was reported that the major compound in O. aristatus is ros-
marinic acid (RA) which belongs to the family of hydroxyl cin-
namic acid and a derivative of caffeic acid (Petersen &
Simmonds, 2003). RA can be found in the stems and leaves of O.
aristatus (Koay & Amir, 2012). However, the availability of RA in
stems, branches and the whole plant was less than that of leaves.
RA is the most abundant polyphenol in O. aristatus leaves
(Almatar & Rahmat, 2014; Akowuah et al., 2012). Besides RA, other
lyphenol compounds.



Fig. 2. Illustration of the chemical configurations of a) Rosmarinic acid, b) Sinensetin, c) TMF and d) Eupatorin.

Fig. 3. E. longifolia (Bhat and Karim, 2010).
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important bioactive components found in O. aristatus leaves are
flavonoids: sinensetin (SEN), 30-hydroxy-5,6,7,40-tetramethoxyfla
vone (TMF) and eupatorin. Based on previous research, sinensetin
and TMF isolated from genus Orthosiphon demonstrated diuretic
145
activity in rats (Schut & Zwaving, 1993). Fig. 2 illustrates the chem-
ical structures of RA, SEN, TMF and eupatorin.

Eurycoma longifolia Jack or locally known as tongkat ali in
Malaysia, which is from Simaroubaceae family (Fig. 3), is one of
the most popular tropical herbal medicinal plants in Southeast
Asian countries. Tongkat ali is an evergreen slow-growing herbal
plant that completely matures after 25 yr and can be harvested
only after 5 yr of cultivation (Mohd Effendy et al., 2012; Bhat
and Karim, 2010). Therefore, this plant has been considered as a
new source for an entry point project (EPP) under The Agriculture
National Key Economic Area (NKEA) to enhance Malaysia’s herbal
industry besides hempedu bumi, misai kucing, dukung anak and
kacip fatimah (Ahmad et al., 2015). This is due to a survey by the
Forest Research Institute Malaysia (FRIM) which found about 73%
of households in Malaysia were consuming herbal-based products
based (Safie et al., 2015), which was lower as compared to World
Health Organisation (WHO) estimation. About 80% of consumers
relied on herbal-based products for their primary healthcare
(Zakaria et al., 2019). To achieve the objective of EPP, various ways
were applied, whereby some of them were either on the standard-
isation and product development, preclinical studies or clinical
studies.

Each plant has its own medicinal value which depends on the
presence of bioactive components that have therapeutic effects
(Yaqub et al., 2016; Alamgir, 2018). A multitude of research studies
claimed that Eurycoma longifolia (E. longifolia) has potential in
aphrodisiac, antimalarial, anticancer and antimicrobial (Rehman
et al., 2016; Abu Bakar et al., 2017; Bhat et al., 2010). Quassinoids,
cathin-6-one alkaloids, squalene type triterpenes, tirucallane-type
triterpenes and biphenylneolignans are several major metabolites
that were reported in tongkat ali plant (Abu Bakar et al., 2017).



Table 1
Therapeutic effects of eurycomanone and its derivatives from EL extracts/products.

Bioactivity Active extracts/
products

References

Intracellular lipid metabolism in
hepatocytes cells

Aqueous root extract Lim et al.,
2019

Bioavailability of eurycomanone
in vivo and in vitro studies of rats
and mice

Standardized water
extract with 1.36%
eurycomanone

Ahmad
et al., 2018

Lipolytic activity in 3 T3-L1 adipocytes 50% Aqueous
methanol roots
extract

Lahrita
et al., 2017

Stress hormones and psychological
mood state

PHYSTA freeze-dried
water extract
(200 mg)

Talbott
et al., 2013

Testosterone and estrogen production
in the rat testicular Leydig cell-rich
interstitial cells.

95% methanol root
extract

Low et al.,
2013

Eurycomanone suppress the
expression of human lung cancer
cell (A549) including markers
prohibitin, annexin 1 and
endoplasmic reticulum protein 28

Methanol root
extracts

Wong et al.,
2012

Quality of life, physical performance
and sexual well-being in men

PHYSTA freeze-dried
water extract
(300 mg)

Ismail
et al., 2012

Cytotoxicity of eurycomanone and
antiproliferative activity on
cancerous cell lines (Caov-3, HeLa,
Hep G2, HM3KO and MCF-70)

Aqueous methanol
root extracts

Mahfudh
and Pihie,
2008
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Quassinoids is a kind of derivative degraded from terpenoids (Li
et al., 2019) and then degraded into C-18, C-19, C-20, C-22 and
C-25 types (Majidi Wizneh & Zaini Asmawi, 2014; Elhag et al.,
2016; Abu Bakar et al., 2017). Compounds which are secondary
metabolites, such as eurycomanone, 9-methoxycanthin 6-one, 14,
Fig. 4. Chemical structures of a) Eurycomanone, b) 9-Metho
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15-b-dihydroxyklaineanone and 13, 21-epoxyeurycomanone were
used as standard markers for the standardisation of EL extracts or
EL-based products (Norhidayah et al., 2015).

A study by Jusoh et al. (2015) found that the root consisted of a
high content of eurycomanone, a bioactive from quassinoid
metabolites that possess a high medicinal value, and was sup-
ported by Masayu et al. (2017). A series of studies revealed that
the bioactivity of eurycomanone major compounds in EL, including
other derivatives, led to promising abilities such as boost energy,
enhance muscle mass, increase bone mass and improve sexual
problems. Apart from eurycomanone, several derivatives from EL,
such as eurycomanone dibutyrate, eurycomanone monovalerate,
eurycomanone dimethoxybenzene, eurycomanone disuccinate, 9-
methoxycanthin-6-one, eurycomanol, eurylactone D, E, and F,
pasakbumin C, pasakbumin B and others metabolites have thera-
peutic effects which need to be explored more. Table 1 summarises
several studies on EL and their therapeutic effects. Fig. 4 illustrates
the chemical structure eurycomanone compound and two other
derivatives.

Geographically, Andrographis paniculata (A. paniculata) grows
largely in India, China, and Thailand. The plant extracts, particu-
larly from the aerial region, is known to contain diterpene, flavo-
noid, and stigmasterol. In Ayurveda, AP is one of the most used
herbs in the formulation of polyherbal concoctions. About 26 for-
mulations were known to incorporate the use of AP as one of the
crucial ingredients (Kumar et al., 2004). Research following the
medicinal claims of the herb revealed that AP has the potential
as antiinflammatory, antiviral, antithrombotic (preventing blood
clotting), anticancer, immunostimulatory, hypoglycaemic (lower-
ing glucose level), and hypotensive (lowering blood pressure)
agents (Kumar et al., 2004).

It was established that the main bioactive phytochemicals con-
tained within AP are andrographolide, a diterpenoid lactone
xycanthin-6-one and c) 14,15ß-dihydroxyklaineanone.



Table 2
The therapeutic effects of A. paniculata extract and its isolated components.

Pharmacological Activity Active Compound Reference

Computational investigation
revealed the potential of
A. paniculata against
SARS-CoV-2 virus.

Neoandrographolide Murugan
et al., 2020

Anti-inflammatory and anti-
quorum-sensing (QS)
action of A. paniculata
extracts against
Pseudomonas aeruginosa
infection.

Chloroform, methanol, and
water extracts

Banerjee et al.,
2017

A. paniculata at a dose of
50 mg/kg showed
significant
antihyperglycemic and
antioxidative effect on
Sprague-Dawly
streptozotocin-induced
diabetic rat.

Methanol extract Kumar et al.,
2017

A. paniculata extract
enhanced the recovery
from CCl4-induced
hepatic damage in albino
rats.

Whole plant ethanol extract Subramaniam
et al., 2015

Andrographolide from A.
paniculata exhibited
cytotoxicity and tumour
specificity, also inducing
caspase-3 activation of
HSC-2 oral squamous cell
carcinoma cells.

Methanol extract of the
leaves, recovered by
partitioning with EtOAc,
followed by silica gel
chromatography.

Suzuki et al.,
2016

A. paniculata isolated
phytochemical, 14-
deoxyandrographolide,
potentially inhibit
inflammatory responses
by acting on COX-2 and
superoxide radicals.

Ethanol extract. Defatting
with hexane and
fractionated into chloroform
and methanol. The methanol
fraction was subjected to
silica gel column
chromatography

Shaikh et al.,
2019
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(Kumar et al., 2004). A series of studies which were focusing on
exploring the medicinal capabilities of AP had many promising
healing abilities. Table 2 tabulates the findings.

These findings showed that AP can serve as a possible therapeu-
tic agent for a wide range of illnesses. Specifically, the healing
effects are attributed to the bioactive components that are found
in the plant. Andrographolide was shown to cause a number of
curative effects. It was shown to inhibit inflammatory responses
by rat neutrophils (Xu et al., 2002), exhibit hepatoprotective activ-
ity against intoxication of paracetamol and galactosamine in rats
(Handa & Sharma, 1990), and prevent angiogenesis by regulating
the production of various pro-angiogenic and antiangiogenic fac-
tors, such as pro-inflammatory cytokine, nitric oxide and vascular
endothelial growth factor (Sheeja et al., 2007).

On the other hand, neoandrographolide was demonstrated to
suppress macrophages nitric oxide (NO) production by 35% and
40% after the compound was orally administered to the test mouse
at 5 mg/kg/d and 25 mg/kg/d (Batkhuu et al., 2002). The oral
administration of neoandrographolide also significantly sup-
pressed ear oedema induced by dimethyl benzene in mice, and it
reduced the increase in vascular permeability induced by acetic
acid in mice (Liu et al., 2007). A study to determine the chemosen-
sitising potential (in a leukaemia cell line) of the AP fractions has
revealed that the combination of neoandrographolide with subop-
timal concentrations of etoposide exhibit a chemosensitizing effect
in S-Jurkat and X chromosome-linked inhibitor of apoptosis pro-
tein (XIAP)-overexpressing Jurkat cells, a model for chemoresis-
tance (Pfisterer et al., 2010).

Apart from that, deoxyandrographolide, which is another com-
ponent of AP that was known for its anti-hepatitis B activity (Chen
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et al., 2014). In a previous study to determine the effects of
deoxyandrographolide on oral cancer cell migration and invasion,
the compound was observed to significantly inhibit the migration
and invasion abilities of SCC9 (tongue squamous cancer) cells
in vitro. In the study, deoxyandrographolide inhibited the phos-
phorylation of ERK1/2, p38, and JNK 1/2 in SCC9 cells, inhibiting
of the invasion and metastasis of human oral cancer cells (Hsieh
et al., 2017). Deoxyandrographolide was also shown to induce oral
cancer cell death by activating autophagy. The compound induced
autophagy by triggering the activation of JNK1/2 and the inhibition
of Akt and p38. Administration of deoxyandrographolide also effec-
tively suppressed tumour formation in the oral carcinoma xeno-
graft model in vivo (Hsieh et al., 2015). Fig. 5 illustrates the
chemical structure of andrographolide, neoandrographolide and
deoxyandrographolide.
3. Extraction techniques

The most crucial first step in the analysis of medicinal plants is
extraction because the desired bioactive compound needs to be
extracted from the plant for further investigation like fractionation
and separation. Generally, the extraction of plant extracts can be
defined as a separation process, whereby the bioactive compounds
are isolated from the plant. Different parts of the plant produce dif-
ferent phytochemical contents due to the plant matrices (SaraJliJa
et al., 2012; Rehman et al., 2020). The suitability of an extraction
process depends on the target compound which could be non-
polar, polar or both.

Plant materials can be used in dried or fresh form. However, the
dried form is preferred over the fresh plant sample. This is because
the fresh sample can deteriorate faster as compared to dried sam-
ple, and it is advised that the fresh sample is quickly used for
experimental work, which is not more than 3 h after harvesting
(Azwanida, 2015). Choice of drying technique may also influence
the quality of biomolecules.

The most frequently used drying techniques are air-drying,
oven-drying, and microwave-drying. Air-drying of the sample can
take weeks or months, depending on the sample. Since this type
of drying technique does not force the process to use an increased
temperature, the heat-sensitive compound can be preserved. How-
ever, extended exposure to the environment and slow dehydration
of water molecules could contaminate the sample and introduce
invasion of mould and parasite (Azwanida, 2015). Microwave-
drying utilises electromagnetic radiation to excite the rotational
motion of molecules; subsequently, this causes heat generation
within the system, and thus, accelerates the drying process and
shortens the overall drying time. However, rigorous collision and
excitement of the molecules can trigger the degradation of the
active compounds (Azwanida, 2015). Another easier and rapid dry-
ing method is by using an oven that makes use of temperature
manipulation. This method is considered safer for most phyto-
chemicals since it reduces the possibility of degradation of bioac-
tive compounds (Azwanida, 2015). Another influential pre-
extraction factor is a size reduction process. It is desired that the
size of plant materials be reduced to aid the penetration of extrac-
tion solvent to targeted analytes. This is achievable by grinding the
plant materials with a grinder. It was reported that particle size of
smaller than 0.5 mm is the ideal size for efficient extraction pro-
cess (Azwanida, 2015). However, there are limitation for size of
plant materials which should not less than 125 mm as they prefer
to float (Yeop et al., 2017).

Among the two different extraction techniques, the classical
extraction technique requires simple operations such as macera-
tion, Soxhlet and reflux (Latiff, 2015). Maceration is a technique
that involves soaking of plant materials (coarse or powdered) with



Fig. 5. Chemical structures of a) andrographolide, b) neoandrographolide and c) deoxyandrographolide.

Fig. 6. General procedure of maceration technique (Singh, 2008).
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a solvent and allowing it to stand in room temperature for a min-
imum period of 3 days with frequent agitation (Handa et al., 2008).
It is the easiest and simplest extraction method. By using this tech-
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nique, the plant cell wall can be ruptured to release soluble phyto-
chemicals. Fig. 6 illustrates five simple steps in maceration method
which need to be followed.



Fig. 8. Ultrasound-Assisted Extraction, UAE setup apparatus.
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Meanwhile, by using Soxhlet extraction, the sample is placed
inside a thimble which is made of a strong filter paper or cellulose
and placed into a chamber of Soxhlet extractor. The process begins
when the extraction solvent at the bottom flask is heated, evapo-
rates into the sample thimble, condenses in the condenser and
drips back (Azwanida, 2015). Soxhlet extraction is not an environ-
mentally friendly method since it utilises hazardous and flam-
mable liquid organic solvents which could potentially emit toxins
during extraction. Additionally, the ideal sample of Soxhlet extrac-
tion is limited to dry and finely divided solids. On the other hand,
reflux extraction is a solid–liquid extraction process performed at a
constant temperature with repeated solvent evaporation–conden
sation step for a specified period of time without the loss of solvent
(Chua et al., 2016). This method was reported as being widely used
in herbal industries as it is efficient, easy to operate, and cost-
effective (Wang et al., 2013).

However, classical methods are time-consuming. For example,
maceration normally consume to 7 days, while, Soxhlet and solvent
extraction requires 24 h and 2 days, respectively (Easmin et al.,
2015).Moreover, the classical techniques involve overuse of organic
solvents which are hazardous to health and the environment. The
solvents are also costly and difficult to be completely removed.
Fig. 7 displays examples of classical extraction techniques.

Since classical techniques can be harmful to humans and the
environment due to the overuse of organic solvents, green extrac-
tion methods are essential. Apart from being environmentally
friendly in minimising the use of hazardous solvents, this green
processing method requires a shorter extraction time with a sim-
ple operating system. Some examples of modern extraction tech-
niques are ultrasound-assisted extraction (UAE), microwave-
assisted extraction (MAE) and supercritical fluid extraction (SFE).
Fig. 7. Types of classical extraction techniques a) Maceration, b) Soxhlet c) Reflux.
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UAE provides high reproducibility, shorter extraction time,
reduced solvent consumption, lower temperature, and lower
energy input as compared to other classical methods (Bimakr
et al., 2012). Generally, UAE uses ultrasound that range from
20 kHz to 2000 kHz (Handa et al., 2008). Throughout the sonication
process, ultrasound produces cavitation bubbles from the ultra-
sonic waves that allow greater penetration of the extraction sol-
vent into the plant cell walls, which is in contrast with other
conventional methods (Lee & Lin, 2007). Moreover, ultrasonic
waves can break the cell membranes to enhance inner mass trans-
port (Zhang et al., 2009). Fig. 8 shows two types of UAE set up
apparatus.

On the other hand, MAE employs microwave energy to expedite
the partition of analytes from the sample matrix into the solvent
(Anuradha et al., 2010). The mechanism involves microwave radi-
ation interaction with dipoles of polarisable materials via conduc-
tion process, for example, solvents and sample. This process causes
dipole rotation of molecules, disrupting of hydrogen bonding
which enhances the migration of dissolved ions and helps solvent
penetration into the matrix (Kaufmann & Christen, 2002). MAE was
chosen as a selective method that favours polar molecules and sol-
vents with high dielectric constant (Fig. 9).

Meanwhile, a supercritical fluid is a substance that shares the
properties both gas and liquid at its critical points (Azwanida,
2015). SFE (Fig. 10) depends on the properties of the fluid solvent,
namely, viscosity, density, diffusivity, and dielectric constant
(Basa’ar et al., 2017). In addition, pressure and temperature are
two important parameters in SFE to reach a supercritical fluid.
SFE has the ability to set the solvent power for different com-
pounds which can be achieved by tuning the pressure, temperature
and co-solvent contents (Liza et al., 2010). Also, SFE uses low tem-
perature for extraction which helps to prevent the degradation of
bioactive compounds (Reverchon, 1997). Apart from that, ethylene,
methane, nitrogen, xenon, fluorocarbons, and carbon dioxide are
examples of solvents used in SFE. Among the six, carbon dioxide
(CO2) is the most commonly used solvent in SFE due to its safety
and low cost. CO2 is desired since it is non-explosive, non-toxic
and can be easily removed from the final product, besides, having
the power to solubilise lipophilic substances which makes it an



Fig. 9. Microwave-assisted extraction (Kusuma and Mahfud, 2016).

Fig. 10. Supercritical fluid extraction (SFE).
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alternative to organic solvents. However, CO2 is less effective in the
extraction of highly polar compounds due to its low polarity, and
thus, co-solvents such as hexane, ethanol, methanol isopropanol,
acetonitrile or dichloromethane are used in small quantities to
enhance the solubility and selectivity of the extraction (Sahena
et al., 2012).
4. Solvent system

The choice of solvents for an extraction process is crucial in
maximizing the extract yield and bioactivity of the plant extract
(Waszkowiak et al., 2015). The selection of solvent relies on the
specific nature of the targeted bioactive compound. Whereby, the
polarity of the solvents is important in the extraction of the desired
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bioactive compound. Solvents can be categorised according to their
polarity such as polar, semi-polar and non-polar. Examples of polar
solvents are water, acetonitrile, methanol and ethanol. Meanwhile
non-polar solvents are acetone, chloroform and ethyl ether. Fol-
lowing the key principle of solubility (‘like dissolve like’), the phy-
tochemical compounds of varying polarity present in plant
material can be extracted by using appropriate solvents (Abarca-
Vargas et al., 2016). Therefore, a solvent with similar polarity to
the desired polarity of bioactive compounds will properly be dis-
solved and then extracted (Altemimi et al., 2017).

According to a study by Bergs et al. (2013), to choose a better
solvent to extract targeted compounds there are six standard steps
which may be followed to extract the bioactive compounds from
medicinal plants. Fig. 11, indicates standard guidelines of the selec-
tion of solvents suitable for the desired bioactive compounds



Table 3
Dielectric constant of different solvents
(Ekrami & Shamlouei, 2018; Joshi & Adhikari,
2019).

Solvents Dielectric constant (d)

Water 80
Glycerin 42.5
Acetonitrile 37.5
Methanol 32.7
Ethanol 24.5
Acetone 21
Chloroform 4.81
Diethyl Ether 4.267
Hexane 1.89

Identify 
properties of 
desired 
bioactive 
compounds

Determine 
thermal 
operating of 
extraction 
and solvent

Application of 
desired 
bioactive 
compounds 
(OPTIONAL)

Estimation 
solubilities 
of solvents

Selection of 
solvent and 
techniques 
of extraction

Analyse 
experiment

Fig. 11. Standard guidelines selection of solvents (Bergs et al., 2013).

Nur Amanina Abd Aziz, R. Hasham, Mohamad Roji Sarmidi et al. Saudi Pharmaceutical Journal 29 (2021) 143–165
extraction of medicinal plants. The first step is to identify the
molecular weight, chemical structure, melting and boiling point
and molar volume of the desired bioactive compounds. Through
this, the later selection of extraction methods will be easier to
choose.

Next, the thermal operating of extraction and solvent were
identified to ensure that the apparatus for extraction and solvents
are complete before the experiments begins. The list of solvents to
be removed from experiments needs to be crossed if the boiling
point of solvents was more than the temperature of desired bioac-
tive compounds, including the equipment which cannot withstand
the high temperature of solvents. Temperature stability of the
desired compounds can be determined through literature review
or preliminary study, and thus the list of solvents can be narrowed
down.

Meanwhile, step 3 is optional to the user according to the appli-
cation of desired bioactive compounds. In case of limitation such as
used for food supplement, food stuff and others, the user may
exclude solvent that illegal in an area application.

In step 4, the highest solubility of solvents with targeted com-
pounds was chosen based on the calculation of Hansen Solubility
Parameters (HSP), Hildebrand theory and COSMO/RS calculation
(Laboukhi-Khorsi et al., 2017). The solubility results may reduce
the number of solvent candidates and become environmental-
friendly.

Step 5 explains the standard procedure of extraction as com-
pared to different solvent candidates to determine the extraction
yield and total yield of targeted compounds. Finally, the data
obtained from each experiment based on the techniques of extrac-
tion and selectivity of solvents are analysed. By following these
guidelines, the hazardous solvent may be excluded, green process-
ing or green extraction will be achieved, and cost and time may be
reduced.

As mentioned before, the polarity of solvent is important due to
the targeted compound to be extracted from the plant. This is
because a highly polar solvent such as water and a non-polar sol-
vent, such as ethyl ether are not suitable to extract high polar com-
pounds. Additionally, the use of water as a single solvent could
cause an extract to have high content of impurities which can
interfere with the identification and quantification of polar com-
pounds (Hijazi et al., 2013).

Besides, solvents such as methanol, ethanol, acetone, propanol
and ethyl acetate are the most common solvents used for plant
material extraction. Methanol can be considered as one of the most
used extraction solvents. However, the usage of methanol is often
questioned because of its high toxicity to humans (Esther et al.,
2003). Therefore, people find ethanol to be more attractive for
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the extraction of a variety of compounds since it has similar chem-
ical properties to methanol and is less toxic (Esther et al., 2003).

The polarity of solvents was selected by referring to the dielec-
tric constant (d), whereby the dielectric constant of the compounds
is defined as the polarity index of a solvent. Greater d, will have
greater polarity. Table 3 describes the d of different solvents which
can be referred for the selection of solvent (Latiff, 2015).

However, most studies prefer a binary solvent system as com-
pared to the mono-solvent system to extract bioactive compounds
(Othman et al., 2015; Thoo et al., 2010; Wong et al., 2014). A binary
solvent system (or known as bi-solvent system) is defined as a
combination of two solvents (ionic liquids and/or organic solvents)
with regard to their relative polarity (Othman et al., 2015). A study
by Othman et al. (2015) had proved the binary solvent system’s
potential to increase the yield of targeted compounds of any herbal
medicinal plants. The results given by 1-butyl-3-
methylimidazolium trifluoromethanesulfonate (OTf) combined
with acetone had the highest rotenone content as compared to
other binary solvents and control (acetone). A study by Thoo
et al. (2010) investigated the effects of binary solvent extraction
on extraction time, extraction temperature, phenolics content
and antioxidant activity. The result proved that 40% ethanol at
65 �C for 80 min was the optimal conditions to obtain a high yield
of phenolic content and antioxidant activity. A similar result was
obtained by Wong et al. (2014) which showed the binary solvent
system was preferred in the extraction of kenaf seed. The previous
study also showed that the binary solvent extraction system was
the ideal method compared to the mono-solvent system (Wang
et al., 2008; Zhang et al., 2007).
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5. Overview of studies regarding extraction techniques and the
effect of solvents on extraction of polar bioactive compounds

5.1. O. Aristatus (Misai kucing)

O. aristatus was extracted by using either classical or modern
technique. Start with Akowuah et al. (2005) investigated the effects
of different extraction solvents on varying polarities for the extrac-
tion of major polyphenols in O. aristatus leaves. O. aristatus leaf
powder was extracted by using solvents; such as water, 50%
methanol, absolute methanol, 70% acetone and chloroform for
2 h, 4 h, and 8 h in a water bath at 40�C. The results indicated that
chloroform extraction from 4 h to 8 h at 40�C gave the highest
amount of sinensetin and eupatorine. The extraction method with
70% methanol at 4 h and 8 h produced a higher TMF yield. Mean-
while, it was observed that the use of 50% methanol for 8 h of
extraction yielded higher rosmarinic acid (RA).

Further study was done by Akowuah and Zhari (2010) to find
the best extraction temperature on the stability of major polyphe-
nols (RA and sinesetin) from leaves of O. aristatus and their antiox-
idant activity by using the same extraction techniques, i.e.
maceration. The results were analysed by using high-
performance liquid chromatography (HPLC) and extraction at
40 �C had the highest yield of RA and sinesetin at
(0.802�0.008)% and (0.084�0.006)%, respectively. The antioxidant
activity was high at the same temperature as (78.34�1.42)%.

Then, Hossain and Ismail (2009) carried out maceration tech-
niques to investigate the best solvent system for qualitative and
quantitative determination of caffeic acid and RA with various
extraction solvents (100% methanol, 50% methanol, 100% acetone,
70% acetone, 100% ethanol, 50% ethanol, chloroform and water)
and extraction time (2 h, 4 h, 6 h and 8 h) from leaves of O. arista-
tus. The data were analysed qualitatively and quantitatively by
using thin-layer chromatography (TLC), high-performance thin-
layer chromatography (HPTLC) and HPLC. The confirmed chosen
solvent to extract a high yield of RA were 70% acetone and 100%
ethanol as the best solvent to extract caffeic acid after a two-
hour extraction. Therefore, the semi-polar solvent was also suit-
able to extract a high yield of RA by using maceration techniques.

Extraction techniques similar to Akowuah et al. (2005; 2012)
was done by Ho and co-workers in 2010 to obtain a high yield of
RA by using different concentrations of methanol
(25%,50%,75%,100%) and water. A whole part of O. aristatus was
used in the extraction and tested for their antimicrobial and
antioxidant activities against food-borne bacteria in vitro. The
results revealed that 50% methanolic extract had the highest
antibacterial and antioxidant activity due to the highest presence
of RA.

Furthermore, Razak et al. (2012) investigated the effects of
varying solvent polarities. The selected solvents for the study were
water, ethyl acetate, hexane and ethanol. The solid–liquid extrac-
tion method was used for the extraction of O. aristatus compounds.
The highest extraction yield was obtained from water extract, fol-
lowed by ethyl acetate, ethanol and hexane. The results suggested
that the major phytochemical components in O. aristatus leaves
were mostly high in polarity and soluble in water. Therefore, a sol-
vent that is more soluble in water is suitable to extract high polar
bioactive compounds from O.aristatus, such as their biomarkers,
RA, eupatorin and sinensetin.

Lau et al. in 2014 studied the optimisation and kinetics of RA
extraction from O. aristatus by using reflux extraction technique.
The central composite design (CCD) was employed. In this study,
dried plant samples were extracted by using different ethanol con-
centrations, solvent to solid loading ratios, temperatures, and
times. The kinetic study of the extraction was performed in a
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2.5L extractor under reflux by using optimum extraction condi-
tions. The two-site kinetic model was the most appropriate model
to describe the RA extraction from O. aristatus. Results revealed
that the optimal conditions for the RA extraction by using reflux
techniques were the concentration of ethanol at 79% v/v, solvent
to solid loading ratio at 9:14, extraction temperature at 56.53 �C
and extraction time of 3 h.

Furthermore, Saidan and friends in 2015 employed three
extraction techniques to extract O. aristatus, which were macera-
tion, Soxhlet and reflux. The selected metabolites profiling was
analysed by using HPLC, UV–vis, and Fourier transform infrared
spectroscopy (FTIR) techniques. In maceration and Soxhlet tech-
niques (at 50 �C for 48 h), 100% methanol, 100% ethanol, 50%
methanol and 50% ethanol were used as solvents. But, for water
extraction reflux and maceration (25 �C for 72 h) techniques were
applied. The results revealed that ethanolic extracts of O. aristatus
characterised high contents of phenolics and flavonoids (RA and
eupatorin). Meanwhile, 50% ethanolic extracts and absolute
methanolic extracts had high contents of proteins and glycos-
aponins. However, absolute methanolic extract indicated the high-
est content of total glycosaponins with 30.4 ± 0.6% w/w. Water
extract yields high contents of polysaccharides with 23.7% w/w
of crude extract. These findings indicated that the polysaccharide
content in O. aristatus was water-soluble, and ethanol solvent
was suitable to extract high content of polar bioactive compounds,
which was RA and euphatorin by using maceration techniques as
compared to other techniques.

Next, a study by Pang and friends in 2015 investigated the effect
of solvents and extraction techniques (maceration and ultrasound-
assisted extraction, UAE) on polyphenols (RA, sinesetin and eupha-
torin) from O. aristatus leaves. The solvents used in the extraction
process were methanol, isopropanol, water, 50% methanol, 70%
methanol, 50% isopropanol and 70% isopropanol. The results
showed that sinensetin and euphatorin compounds, which are
lipophilic (i.e. tend to dissolve in fats or lipids), were more soluble
in a low polar solvent such as isopropanol which resulted in 261.
21 ± 1.01 mg sinensetin/g dry weight and 2.71 ± 0.02 mg eupha-
torin/g dry weight, respectively, by using UAE techniques. This
result was similar to Akowuah et al. (2005). Meanwhile, RA is
hydrophilic (attract to water molecules) and more soluble to
methanol as compared to isopropanol. Therefore, the methanol
solvent (70% aqueous methanol) was suitable to extract a high
yield of RA by using UAE techniques. The UAE techniques have
advantages to be chosen as compared to maceration techniques
since UAE techniques only need a shorter time; 90 min as com-
pared to 4 h.

Further study was done in the same year by focusing on UAE
techniques to identify the effect of solvents on phenolic and flavo-
noids content from O. aristatus leaves. The study was done by Pang
and friends to prove that the hypothesis and results obtained
before were accurate and acceptable. Based on the findings, the
highest phenolic content that was obtained from UAE techniques
was 70% aqueous methanol solvent and 70% isopropanol. However,
the highest flavonoids content was obtained in 70% isopropanol
solvent. Since RA was from the phenolic group and hydrophilic
compounds, 70% aqueous methanol was the most suitable solvent
to extract a high yield of RA as compared to isopropanol. Also, the
study reported that extraction after 120 min or at a temperature
higher than 70�C caused degradation of compounds and may reduce
the extraction yield.

In another study, the leaves of O. aristatus were extracted via
maceration by using absolute ethanol, 50% ethanol and water as
solvents. The experiment was conducted for 6 h at room tempera-
ture. The biomarker (RA, sinensetin and eupatorin) contents of the
extracts were evaluated by using TLC and were found to have all
three biomarkers (Mansor et al., 2016). Besides, the extraction of
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bioactive compounds also used Soxhlet extraction and reflux
extraction techniques for 6 h. Based on these findings, the study
revealed that reflux method generated a high yield of total extrac-
tion (72.73%) as compared to Soxhlet and maceration techniques
by using 50% ethanol as the best solvent as compared to absolute
ethanol and water. These findings suggested that the binary sol-
vent system was able to extract both non-polar and polar bioactive
compounds and together enriched the RA quantity in the extract.

Additionally, the effects of solvents on O. aristatus leaves were
further discussed by Kamarudin et al. (2016). The study was con-
ducted by using water, ethanol and 50% ethanol as solvents extrac-
tion by applying cold maceration and Soxhlet techniques.
However, the study found that 50% ethanolic extract of O. aristatus
exhibited the highest extraction yield, which was 17.41% when
cold maceration techniques were used. However, pure ethanol
and 50% ethanol did not show any differences in percentage yield
of extract when Soxhlet techniques were used, which were 14.32%
and 14.21%, respectively. This might be due to the exposed plant
material at high temperatures for a long time in the Soxhlet tech-
nique. Then, both techniques and all solvents were identified for
their phenolic content and antioxidant activity. The results
revealed that 50% ethanol by using cold maceration techniques
had the highest phenolic content which also caused the high
antioxidant activity. These findings had explained that the addition
of water to ethanol will increase the extract yield since polar and
non-polar components were extracted together. Nevertheless,
extraction methods for O. aristatus were different, and the variety
of solvent polarities may not be the only main factor which con-
trols the yield of extracts. But, the combination of solvent polarities
was also a factor to extract a high yield of polar bioactive
compounds.

Followed from previous study, study by Pang and friends in
2017 where compared the microwave-assisted extraction (MAE)
and UAE techniques, including the influence of various solvents
to obtain high yield of polyphenols from O. aristatus leaves. The sol-
vents used in this experiment were similar to the previous study.
The result showed that a binary solvent system gave a wide range
of polarity bioactive compounds as compared to pure solvent,
hence, more polarity of bioactive compounds can be extracted. This
study found the optimum condition to extract by using MAE tech-
niques at extraction time of 2 min, irradiation power at 300 W and
solvent to sample ratio at 20:1, which obtained the highest yield of
polyphenols (RA: 32.45 mg RA/g DW; sinensetin 261.15 mg Sin/g
DW; and eupatorin 2.27 mg Eup/g DW) from O. aristatus leaves.
However, UAE methods were still the best techniques and obtained
the highest yield of RA at 38.70�0.06 mg RA/g DW by using 70%
aqueous methanol as compared to MAE techniques.

See et al. (2016) utilised the UAE and MAE techniques for the
extraction of bioactive compounds from O. aristatus leaves. In the
study, improvement in the extraction yield contributed by the
UAE and MAE techniques was compared with the conventional
Soxhlet extraction techniques. The solvent used was 70% ethanol
for all types of extraction techniques based on the literature
review. Scanning electron microscopy (SEM) analysis of the
extracted sample by the UAE and MAE techniques induced signifi-
cant disruption of the glandular trichomes structure, which was
the main site for the biosynthesis of plant’s secondary metabolites.
Both techniques caused improvement in the diffusion of bioactive
compounds which resulted in about 86% of the total extraction
yield quantified by the conventional soxhlet extraction. Therefore,
extraction performance on structures of leaves influenced the
extraction of high yield of bioactive compounds in shorter time like
the MAE and UAE techniques besides the solvents used.

Finally, SFE techniques by using CO2 was employed to extract O.
aristatus with full factorial design to determine the optimum
extraction parameters such as temperature, pressure and time.
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The full factorial design was used to optimise the extraction
parameters. The findings exhibited that the yield of extract was
time and pressure-dependent, and thus, concluded that the per-
centage yield increased significantly with increasing pressure and
time (p < 0.05). Moderate pressure (31.1 MPa) and temperature
(60�C) for 60 min were recorded as the optimum extraction param-
eters by these researchers. FTIR analysis of the extract with promi-
nent and broad signal indicated the presence of hydroxyl groups
which concluded that this extract was rich with phenolic groups
(Al-Suede et al., 2014).

A recent study that used O. aristatus leaves by employing SFE
techniques were done by Mohamed et al. (2018). A preliminary
study was first done by applying cold maceration techniques to
obtain the best solvent used for SFE techniques later. The results
indicated that 50% aqueous ethanol as the best solvent with the
highest value result in total yield (4.64�0.02%), total phenolic con-
tent (3.42�0.08 mg GAE/g) and total flavonoids content
(4.7�0.14 mg CAE/g) including IC50 value for DPPH (2,2-
diphenyl-1-picryl-hydrazyl-hydrate) assay was recorded at
0.625 mg/mL as compared to different concentrations of methanol
solvent. Qualitative detection of polyphenols (RA, sinensetin and
eupatorin) was positively detected between 8 min �21 min by
using HPLC after the extract was collected at 120 min. In conclu-
sion, the result showed positive result and CO2 became more effec-
tive after using binary solvent system or co-solvent to extract high
polar bioactive compounds. Therefore, the result obtained from
this study may be further investigated by finding the optimisation
condition of SFE techniques with 50% aqueous ethanol to extract a
high yield of polyphenols from O. aristatus.

The summary table of O. aristatus plant regarding extraction
techniques and effects of solvents used to extract bioactive com-
pounds are shown in Table 4.
5.2. E. Longifolia (Tongkat ali)

E. longifolia extraction was mostly done by using the maceration
technique that was similar to the percolation, diffusion and decoc-
tion methods, which were grouped in conventional extraction
method. To the best of our knowledge, a study by Farouk and Bena-
fri in (2007) explored the antibacterial activity of E. longifolia plant.
In this experiment, leaves, stem, and roots were extracted sepa-
rately with different extraction solvent which are methanol, etha-
nol, acetone and aqueous water, by using maceration techniques.
The results revealed that all parts of the plant that used alcoholic
and acetone extract, except the roots, had potential as antibacterial
agents against Gram-positive bacteria and Gram-negative bacteria.
Water was chosen as the best solvent for extract E. longifolia roots
as mentioned in the Malaysian standard (MS 2409:2011) due to
the high content of the major compound, which is eurycomanone.
In this experiment, leaves and stem of E. longifolia prefer alcoholic
and acetone solvents to extract several bioactive compounds to act
as an agent for antimicrobial due to their efficacy against bacteria.

Furthermore, different parts of plants from Kuala Keniam,
Taman Negara, Pahang, Malaysia were collected to determine their
phytochemical and biological activity (Ismail et al., 2008). Stem
and leaves of E. longifolia were soaked with dichloromethane and
methanol successively similar to other plants. Then, the plants
were screened for the presence of alkaloids and flavonoids. In the
case of E. longifolia plant, the stem consisted of flavonoids but
not alkaloids and vice versa for leaves of E. longifolia. Since this
plant consisted less amount of flavonoids and alkaloids, the results
did not give high data in free radical scavenging activity and
antimicrobial activity as compared to the other plants. This was
because both compounds worked together to give an effect in a
therapeutic activity, such as antioxidant, antimicrobial, anticancer



Table 4
A summary of study for O. aristatus, E. longifolia and A. paniculata.

Herbal Plant Part
plant

Techniques Solvent used Bioactive compound Biological Activity References

O. aristatus Leaf Maceration Absolute Methanol, 50% Methanol, Water, and
70% Acetone

Sinensetin, SEN
Eupatorin
Rosmarinic Acid, RA
3’-hydroxy-5,6,7,
4’-tetramethoxyflavone,TMF

NR Akowuah, 2015

Maceration SEN
RA

Antioxidant activity Akowuah and Zhari, 2010

Maceration 100% Methanol, 50% Methanol, 100% Acetone,
70% Acetone, 100% Ethanol, 50% Ethanol,
Chloroform
and Water

Caffeic acid
RA

NR Hossain and Ismail, 2009

Whole
plant

Maceration (25%, 50%, 75%, 100%) Methanol and Water RA Antimicrobial
activity
Antioxidant activity

Ho et al., 2010

Solid-Liquid Extraction Water, Ethyl Acetate, Hexane and Ethanol RA
SEN
Eupatorin

NR Razak et al., 2012

NR Reflux (0-100)% Ethanol RA NR Lau et al., 2014
Leaves Maceration

Soxhlet
Reflux

100% Methanol, 50% Methanol, 100% Ethanol,
50% Ethanol and Water

RA
Eupatorin
Protein
Glycosaponin
Polysaccharide

Antioxidant activity
Cytotoxicity activity

Saidan et al., 2015

Maceration
Soxhlet
Reflux

100% Ethanol, 50% Ethanol and Water RA
SEN
Eupatorin

Antioxidant activity Mansor et al., 2016

Cold Maceration
Soxhlet

Water, Absolute Ethanol and 50% Ethanol RA Antioxidant activity Kamarudin et al., 2016

Maceration
Ultrasound-assisted
extraction, UAE

Absolute Methanol, 50% Methanol, 70%
Methanol,
Isopropanol, 50% Isopropanol, 70%
Isopropanol and Water

RA
SEN
Eupatorin

NR Pang et al., 2015
Pang et al., 2015

Microwave-assisted
extraction, MAE
UAE

Pang et al., 2017

UAE
MAE
Soxhlet

70% Ethanol 3́ -hydroxy-5,6,7,
4́ -tetramethoxyflavone
SEN

NR See et al., 2016

Supercritical Fluid
Extraction, SFE

Carbon dioxide, CO2 Phenolic group Antioxidant activity
Anticancer activity

Al-Suede et al., 2014

Leaf Cold Maceration
SFE

Water, (25%, 50%, 75%,100%) Aqueous Ethanol,
(25%, 50%, 75%, 100%) Aqueous Methanol

RA
SEN
Eupatorin

Antioxidant activity Mohamed et al., 2018

E. longifolia Leaf
Stem
Roots

Maceration Methanol
Ethanol
Acetone
Aqueous water

NR Antibacterial
activity

Farouk and Benafri, 2007

Leaf
Stem

Dichloromethane
Methanol

NR Antioxidant activity
Antibacterial
activity

Ismail et al., 2008

Roots 70% Acetone
70% Ethanol

NR Aphrodisiac activity Andrianto et al., 2009

Stem
Bark

Soxhlet Methanol
Ethanol 13a(21)-epoxyeurycomanone (EP)

Aphrodisiac activity Chan et al., 2010
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Table 4 (continued)

Herbal Plant Part
plant

Techniques Solvent used Bioactive compound Biological Activity References

Roots Acetone
Mixture of water and organic solvent

Eurycomanone (EN)
13a,21-dihydroeurycomanone (ED)
Eurycomanol (EL)

Roots Solid-liquid Extraction Methanol
Methanol-ethanol
Ethanol
Ethyl acetate
Distilled water

AlkaloidsGlycosideCoumarins
Flavonoids

Antiplasmodial
activity

Sriwilaijaroen et al., 2010

Roots Maceration Methanol
90% Ethanol
60% Ethanol
30% Ethanol
Distilled water

NR Anticancer activity Rilianawati and Susi, 2011

95% Aqueous Methanol EN
EP
EDEL

Antimalarial
activity

Teh et al., 2011

EN Aphrodisiac activity Low et al. 2013
EN
EP
ED
EL

Anticancer activity Tong et al., 2015

Soxhlet Hexane
Dichloromethane
Ethanol
Water

NR Cytotoxicity activity
Antioxidant activity
Antimicrobial
activity
Lipase inhibitory
activity

Kaewpiboon et al., 2012

Percolation Methanol QuassinoidsAlkaloidsCoumarinsSqualene
Triterpenoids

Phenolics

Antiinflammatory
activity

Tran et al., 2014

Maceration 70% Aqueous Methanol EN
EL

Antiinflammatory
activity

Hajjouli et al., 2014

Stem
Roots

Maceration Petroleum ether
Ethyl Acetate
Chloroform
Acetone
Methanol

Phenolics
Flavonoids
Terpenoids
Alkaloids
Protein
Cardiac glycosides

Antimicrobial activity Khanam et al., 2015

Roots Soxhlet Ethyl acetate
Methanol

Protein
Polysaccharide
Phenolics

Antioxidant activity
Antityrosinase
activity

Hassan et al., 2015

Stem
Leaves
Bark
Roots

Maceration Absolute Methanol EN NR Jusoh et al., 2015

Roots Absolute Methanol 9-hydroxycanthin-6-one
20,21,22,23-tetrahydro-23-oxoazadirone
Canthin-6-one9-O-b-glucopyranoside

Anticancer activity Ohishi et al., 2015

Reflux Deionised water
Absolute methanol

Glycosaponin
EN

NR Abirame et al., 2016

Maceration 50% Aqueous Methanol EN
EP
ED

Lipolytic activity Lahrita et al. (2017)

Maceration 70% Aqueous Ethanol NR Anticancer activity Mulyati et al., 2017
Stem Maceration Water Scopoletin NR Zakaria et al., 2017

(continued on next page)
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Table 4 (continued)

Herbal Plant Part
plant

Techniques Solvent used Bioactive compound Biological Activity References

Leaves Reflux
Soxhlet

50% Ethanol EN
EP
14,15ß-dihydroxyklaineanone

Roots Reflux Water EN NR Norhidayah et al., 2015
Methanol EN

EL
ED
D4,5,14-hydroxyglaucarubol
5-iso-eurycomadilacton
Eurycomadilactone
13-epi-eurycomadilactone

Anticancer activity Meng et al., 2014

Soxhlet Absolute Ethanol NR Antifungal activity Faisal et al., 2016
UAE 95% Aqueous Ethanol EN

ED
EL
14,15b-Dihydroxyklaineanone
D4,5,14-hydroxyglaucarubol
Eurycomaoside
2-hydroxylongilactone-4(18)-ene
Longilactone
Brucein E

Antileukemia
activity

Tung et al., 2017

Absolute Methanol Pasakbumin-C
Eurylactone A
EP

NR Nhiem et al., 2015

7-methoxy-(9H-b-carbolin-1-il)-(E)-1-propenoic
acid (7-MCPA)

Antiinflammatory
activity

Hai Dang et al., 2016

9-methoxycanthin-6-one
9-hydroxycanthin-6-one
7-MCPA

Antiinflammatory
activity

Ngoc et al., 2016

Roots UAE EN
ED
EP
Eurylactone E, G and F
Eurycomalide D and E
Longilactone
2-dihydro-18-dedihyrolongilactone
14,15b-dihydroxyklaineanone
5a,14b,15b-trihydroxyklaineanone

Anticancer activity Park et al., 2014

Ultrapure water Protein NR Elhag et al., 2019
MAE Methanol 2-Hexadecanol

3,5-Dimethoxy-4-hydroxyphenylacetic acid
Carbazole
2-Methylhexanol
Butyrolactone
Nonanal
Acetic acid
3-methylbutanoic acid
2 (5H)-Furanone

NR Najmuldeen et al., 2017

SFE Ethanol
Water

NR NR Kumoro and Hasan, 2008

A. paniculata Whole
plant

Maceration Ethanol
Methanol
Acetone
Acetic acid
Distilled water

NR Antioxidant activity Phansawan and
Poungbangpho, 2007
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Table 4 (continued)

Herbal Plant Part
plant

Techniques Solvent used Bioactive compound Biological Activity References

Aerial
part

Reflux Ethanol (0-100) %
Distilled water

Andrographolide, AP Antihyperglycemic
activity

Ahmad et al., 2007

Leaves Maceration Water
Ethanol
Acetone

NR Antifungal activity Siva, 2008

Soxhlet n-Hexane
Petroleum Ether
Dichloromethane
Ethyl Acetate
Chloroform
Acetone (100%, 70%)
Ethanol (100%, 70%, 50%, 25%)
Methanol (100%, 75%, 50%, 25%)
Water

AP
Deoxyandrographolide

NR Kumoro et al., 2009

Whole
plant

Chloroform
Methanol
Ethanol

AP NR Misra et al., 2009

Stem
Leaves
Roots

Petroleum Ether
Benzene
Chloroform
Ethanol
Water

Tannin
Flavonoids
Alkaloid
Steroid
Phenolic

Molluscicidal
activity

Tanwer and Vijayvergia
(2010)

Leaves
Roots

Soxhlet Methanol
Ethanol

NR Antimalarial
activity

Kuppusamy and Murugan,
2010

Leaves Serial extraction Petroleum Ether
Ethyl Acetate
Ethanol
Hydro-alcohol

AP Antioxidant activity
Antiulcer activity

Saranya et al., 2010

Soxhlet Chloroform
Methanol
Water
Petroleum Ether

AP
Deoxyandrographolide
Neoandrographolide
14-deoxy-11,12-didehydroandrographolide

Antimicrobial
activity
Antioxidant activity
Antidiabetic activity
Antipyretic activity

Das and Srivastav, 2014

Reflux Ethanol
Methanol
Ethyl acetate
Petroleum Ether
Acetone
Dichloromethane

AP NR Jadhao and Thorat, 2014

Whole
plant

MAE Aqueous Methanol (0-100)% AP
Dehydroandrographolide

NR Chen et al., 2007

Aerial
part

MAE
Soxhlet

Chloroform: Water (0-100)% AP Antioxidant activity Vasu et al., 2010

Leaves Cold percolation
Hot Maceration
UAE
MAE

Hexane
Chloroform
Ethyl Acetate
Ethanol

AP
Neoandrographolide

NR Trivedi et al., 2011

Leaves
Stem

Reflux Aqueous Ethanol (0-100) % AP
Dehydroandrographolide
Saponin

NR Chua et al., 2019

Leaves SFE Water
Ethanol
Ethanol:Water

AP NR Rubi et al., 2019

*NR indicates not reported.

N
ur

A
m
anina

A
bd

A
ziz,R

.H
asham

,M
oham

ad
R
oji

Sarm
idi

et
al.

Saudi
Pharm

aceutical
Journal

29
(2021)

143–
165

157



Nur Amanina Abd Aziz, R. Hasham, Mohamad Roji Sarmidi et al. Saudi Pharmaceutical Journal 29 (2021) 143–165
and others, which can be proven by the previous study (Farouk &
Benafri, 2007).

Next, a study conducted by Andrianto and co-worker in (2009)
investigated the effects of E. longifolia roots on growth and produc-
tion of testosterone levels in a male chicken. The powdered roots
were extracted by using 70% acetone and 70% ethanol as extraction
solvent via maceration techniques. The results indicated 70% ace-
tone spot on a TLC plate was larger as compared to 70% ethanol.
Although, the total yield crude extract of 70% ethanol was higher
with data at 0.1358 g and 70% acetone had only 0.0934 g. Besides,
phytochemistry test was done to detect the presence of secondary
metabolites in E. longifolia 70% acetone extract. The crude extract
only showed the presence of alkaloid, saponin and steroid metabo-
lites. However, the result on the male chicken did not show any
increase in the concentration of testosterone levels after treatment
with acetone extract of E. longifolia as compared to the control. In
conclusion, the acetone extract does not have aphrodisiac activity
even though there is the presence of steroids in the extract.

In another study, Chan et al. (2010) determined which polar
organic solvent was able to extract quassinoids from E. longifolia
roots, bark and stem. The polar organic solvents used in this exper-
iment were water-soluble, which included methanol, ethanol and
acetone or a mixture of water and organic solvents. The sample
was extracted by using soxhlet techniques for 6 h to 8 h at a tem-
perature adjusted within 50 �C to 70 �C. The result indicated
methanol as the best solvent to extract quassinoids (13a(21)-epox
yeurycomanone, eurycomanone, 13a,21-dihydroeurycomanone
and eurycomanol) bioactive compounds which were analysed by
HPLC. In addition, increasing the dosage of methanol extract
resulted in increased sperm counts of male rats. This revealed
methanol as the best solvent which consisted high yield of bioac-
tive compounds, and able to increase the testosterone levels and
the male sperm counts.

A study by Sriwilaijaroen et al. (2010) determined the antiplas-
modial effect of Brucea javanica (L.) Merr fruits and roots of E. longi-
folia against Plasmodium falciparum. Both plant samples were
extracted by using solid–liquid extraction techniques with extrac-
tion solvents, such as methanol, methanol-ethanol, ethanol, ethyl
acetate and distilled water. The result indicated that a mixture of
methanol-ethanol gave a total yield of crude extract at 58.93 g
for E. longifolia roots and 125.77 g for Brucea javanica fruits. Focus-
ing on the E. longifolia extract, the results revealed high antiplas-
modial activity in ethanol and methanol-ethanol extract with a
similar pattern of TLC plate whereby the presence of bioactive
compounds was identified, including alkaloids, antioxidants, gly-
coside, coumarins and flavonoids. This showed the binary solvent
can be the best solvent to extract a wide variety of bioactive com-
pounds from E. longifolia roots.

Furthermore, a study by Rilianawati (2011) extracted roots of E.
longifolia with methanol, 90% ethanol, 60% ethanol, 30% ethanol
and distilled water by applying maceration techniques. Then, the
crude extract was for cytotoxicity activity against normal and cer-
vix cancer cell line. The results indicated that methanol extract
gave high inhibition effect on cervix cancer cell line at IC50

24.14 ppm, which was lower than 50 ppm as compared to other
extracts. However, there was no effect on a normal cell line for
all types of extraction solvents. Therefore, further research regard-
ing methanol extract on cancer cell line was required. This was due
to the previous study on their achievement on cytotoxicity activity
which may reduce side effect that occurred during chemotherapy
by determining the active component that may become an agent
for anticancer from methanol extract of E. longifolia roots
(Itokawa et al., 1992; Jiwajinda et al., 2002).

Teh et al. (2011) macerated the powdered roots of E. longifolia
by using 95% aqueous methanol for 6 d at 60 �C. This method
was also followed by Tong et al. (2015) and Low et al. (2013)
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who studied the effect of eurycomanone, major quassinoids in E.
longifolia that were obtained from the extraction, isolation, and
purification components from roots according to the method by
Teh et al. (2011) in testosterone steroidogenesis and spermatogen-
esis. The results showed that eurycomanonone had potential in
increasing testosterone levels. Meanwhile, Tong et al. (2015) stud-
ied the effect of standardised quassinoids (contained 40% of the
total quassinoids from E. longifolia) extracted on LNCAP human
prostate cancer cells. The HPLC result of this standardised extract
found about 32.16% quassinoids including eurycomanone,
epoxyeurycomanone, eurycomanol and 13,21-
dihydroeurycomanone, inhibited the LNCaP cell growth at IC50
value of 5.97 lg/mL. Therefore, these experiments showed that
methanol was the best solvent to extract quassinoids and gave pos-
itive effects on different biological activities. Further studies are
needed to back up the study before being proven as the best-
chosen solvent to be used to extract E. longifolia plant.

52 types of Thai plants including E. longifolia roots, were
extracted by using soxhlet techniques for 8 h with hexane, dichlor-
omethane, ethanol and water sequentially (Kaewpiboon et al.,
2012). Then, these crude extracts were screened for their cytotox-
icity against four cell lines (human lung (A549), breast (MDA-MB-
231), cervical (KB3-1) and colon (SW480) cancers), antioxidant
activity, lipase inhibitory activity and antimicrobial activity
through in-vitro study. In this experiment, the result for E. longifo-
lia roots showed water extract gave the highest yield of extract at
1.9% followed by, dichloromethane (0.5%) and ethanol (0.3%). Hex-
ane solvent acted as defatting this E. longifolia roots, and thus, the
yield of hexane extract was 0%. Dichloromethane and ethanol
extract of this plant were also exerted strongly in cytotoxicity
activity against cancer cell lines with the other three plant species.
Similar positive results were obtained for antioxidant activity,
lipase inhibitory activity and antimicrobial activity for polar sol-
vent extracts (water and ethanol) for E. longifolia roots. This might
be due to the presence of several metabolites such as phenolics
compounds, flavonoids, alkaloids and others in polar solvents.

Next, a study by Tran et al. (2014) also used 60L methanol as a
solvent for extraction and percolated the roots of E. longifolia. Tran
et al. studied on isolated compounds which were about 28 compo-
nents from the extract and investigated their acting as NF- kß inhi-
bitors by using HEK293/NF-jB-luc cells that derived from the
human embryonic kidney. Previously, a study by Hajjouli et al.
(2014) also focused on NF- kß. But, the powdered roots of E. longi-
folia were macerated with 70% aqueous methanol for 8 h at 40 �C.
Then, the crude extract underwent fractionation, isolation, and
purification of components to obtain eurycomanone and euryco-
manol to study on the K562 and Jurkat cells, or also known as leu-
kaemia cells. The results revealed that only eurycomanone
inhibited NF- kß and induced the MAPK pathway by TNF-awithout
affecting the healthy cells, but not eurycomanol compounds.

A study conducted by Khanam et al. (2015) found suitable sol-
vents for the extraction of bioactive components from E. longifolia
stems and roots. The stems and root of E. longifolia were extracted
by using the following five solvents; petroleum ether, ethyl acet-
ate, chloroform, acetone and methanol for 24 h at 40 �C in a water
bath. Exceptionally, the extract of E. longifolia that used methanol,
ethyl acetate and chloroform indicated as a good source for isolate
different classes of compounds for both stems and roots. But, not
for petroleum ether extract which revealed the lowest number of
phytochemicals. Since the major compound of E. longifolia was
eurycomanone whichwas a derivative of quassinoids from ter-
penoids group, the results revealed all solvent extracts except ace-
tone, showed the presence of terpenoids via Salkowski’s Test for
both stems and roots. However, in the case of roots, the methanol
solvent was chosen as the best source to extract a variety of
phytochemicals.
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On the other hand, Hassan et al. (2015) investigated the effects
of varying solvent polarities on the total protein and total polysac-
charides concentration in E. longifolia extract. The results indicated
that protein and polysaccharide contents were higher in ethyl acet-
ate extract as compared to methanol extract. Additionally, the total
phenolic content was also investigated between these solvents and
the results were the same as before. This might be due to the polar-
ity of solvents (polar aprotic solvents) which was able to extract
polar and non-polar compounds but, non-polar solvents were only
able to extract non-polar compounds.

In another study, the leaves, stem, bark, and roots of E. longifolia
were extracted by maceration techniques by using absolute
methanol as the extraction solvents. This experiment was con-
ducted by Jusoh et al. (2015) to compare the eurycomanone con-
tent in different plant parts and at different plantation locations.
The experiment also determined the effect of agro-ecological on
favourable growth. HPLC results showed that roots had the highest
eurycomanone content as compared to other parts of the plant and
the shaded area wass the most suitable place for E. longifolia
growth with high eurycomanone content. A similar method has
been used for extraction by Ohishi et al. (2015) that used absolute
methanol as extraction solvent and left roots overnight at room
temperature. Then, followed by fractionation, isolation and purifi-
cation of components (9-hydroxycanthin-6-one, 20,21,22,23-tetra
hydro-23-oxoazadirone and canthin-6-one 9-O-b-
glucopyranoside) from E. longifolia to study on the colon cancer
cells. This showed that methanol was the best solvent to extract
a high yield of quassinoids from E. longifolia roots.

In addition, Abirame et al. (2016) experiment investigated the
effects of solvents on the extraction of glycosaponin and euryco-
manone. The solvents selected for this study were deionised water
and absolute methanol. Reflux method was used for the extraction
of E. longifolia components especially glycosaponin and euryco-
manone. Based on the findings, the aqueous extract produces more
glycosaponin and eurycomanone compounds than methanolic
extract. This finding showed that water was the best solvent for
both compound extraction and eurycomanone was a polar
compound.

Followed by the most recent research paper in 2017 by Lahrita
et al. and Mulyati et al., whereby both used maceration techniques
as the extraction method. Lahrita et al. (2017) by using 50% metha-
nol as the solvent for extraction and then underwent isolation to
obtain eurycomanone, 13ß,21-epoxyeurycomanone and 13ß,21-d
ihydroeurycomanone for studies on the lipolytic activity. Mean-
while, Mulyati et al. (2017) by using 70% ethanol as the solvent
for extraction and obtained about 2.92% total yield less as com-
pared to Lahrita et al. (2017) around 3.42%. This recent study
showed that binary solvent gave high total crude extract and high
yield of bioactive compounds as compared to pure solvents.

Then, the effects of solvents on E. longifolia stem and leaves
were carried out by Zakaria et al. (2017). The study was conducted
by using two different solvents (water and ethanol) and two differ-
ent extractions technique (reflux and maceration) for both stems
and leaves. The findings of this study showed that ethanol was
the best solvent for extract leaves due to the high content of phos-
pholipid, flavonoids and saponin. Meanwhile, total protein content
and total phenolic content both high in leaves when water was
used as extraction solvent even though the stem contained more
phenolic compounds in general. Maceration was the best method
when water was used as a solvent for extraction overnight at
60 �C as compared to reflux. This showed that temperature cause
degradation of bioactive compounds. To concludes, there was a
variety of factors that may affect the content and yield of the bioac-
tive component of extracts.

On the other hand, 41 E. longifolia-based products which were
registered or unregistered under NPCB, Malaysia were studied by
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Mohamed et al. (2015). These products were compared with the
standardised water extract of E. longifolia extracted under reflux
for 5 h. The sample was analysed by using HPLC to study the
eurycomanone content. A study by Meng et al. (2014) also extracts
used reflux techniques for 2 h with absolute methanol. The extract
was isolated to obtain seven components including four new
quassinoids compounds, and characterised by using 1D and 2D
NMR along with single-crystal X-ray diffraction. But, the extraction
conducted by Faisal et al. in 2016 used soxhlet extraction (absolute
ethanol as solvent, 60 �C � 65 �C and 24 h). The extract obtained
about 33% total yield and later was used for the antifungal study.
Although, all studies previously used different techniques of
extraction polar solvent was chosen as extraction solvent to extract
a high yield of quassinoids or eurycomanone from E. longifolia roots
based on previous studies.

Study by Tung et al. (2017), Nhiem et al. (2015), Hai Dang et al.
(2016), Ngoc et al. (2016) and Park et al. (2014) extracted E. longi-
folia by using ultrasound-assisted extraction, UAE techniques due
to the increasing interest in the modern and efficient technique.
These experiments used an ultrasonic water bath. Only Tung and
co-worker used 95% ethanol as a solvent for extraction, the others
used absolute methanol. This was because methanol solvent was
chosen as the best solvent to extract a high yield of crude extract
and eurycomanone based on previous studies that were mentioned
before. Tung et al. and Park et al. focussed studies on the anticancer
activity and founds that the result active component (euryco-
manone) had the potential for leukaemia, breast cancer, human
lung, and cervical cancer cells treatment, respectively. But, the
other researcher studied on the antiinflammatory activity. The
most recent paper used UAE techniques was studied by Elhag
et al. (2019) and for the first-time a study on optimisation, was
done. The study used an ultrasonic probe with five independent
variables (particle size, extraction temperature, agitation speed,
amplitude, and duty cycle) to find the optimum conditions for effi-
cient protein recovery. The solvent used for extraction was ultra-
pure water which followed the Malaysian standard (MS
2409:2011).

Next, a microwave-assisted extraction (MAE) study by
Najmuldeen et al. (2017) characterised essential oil from E. longifo-
lia extraction. The components of essential oil from extraction
were analysed by using gas chromatography and mass chromatog-
raphy (GCMS) and were found to have similar results with previous
publication from Islam et al. (2006) and Purwantiningsih and Chan
(2011). Finally, the extraction which used SFE only was studied by
Kumoro and Hasan (2008). However, his study extracted various
Malaysian herbs including E. longifolia to achieve the objective in
the innovation of extraction methods parallel with enhancing the
economic value of Malaysian herbs in global industries. Various
co-solvents were used to extract polar bioactive compounds such
as ethanol and water as modifiers and then increased the efficiency
of extraction. Based on previous studies, these showed that to
extract a high yield of polar bioactive compounds, the polar solvent
was needed, and the binary system can apply to increase the yield
of targeted bioactive compound.

The summary of studies on E. longifolia plants regarding extrac-
tion techniques and solvent used to extract a high yield of crude
extract including major compounds, eurycomanone is shown in
Table 4.

5.3. A. Paniculata (Hempedu bumi)

A study by Phansawan and Poungbangpho (2007) investigated
five medicinal plants including A. paniculata by varying the polarity
of extraction solvents and study the antioxidant activity. The sol-
vent used in this experiment were ethanol, methanol, acetone,
acetic acid and distilled water. Maceration techniques were



Nur Amanina Abd Aziz, R. Hasham, Mohamad Roji Sarmidi et al. Saudi Pharmaceutical Journal 29 (2021) 143–165
applied for 24 h and maintained at room temperature. Ethanol was
chosen as the best solvent for extraction of all medicinal plants due
to the highest recorded antioxidant activity. The result was fol-
lowed by acetone, methanol, distilled water and acetic acid as
extraction solvent for these medicinal plants (Pueraria mirifica, Ste-
via rebaudiana Bertoni, Curcuma longa Linn, A. paniculata and Cassia
alata Linn). Focusing on A. paniculata, the results obtained high
antioxidant activity at 0.77�0.13 mmol of Trolox/ mg of ethanol
crude extraction, followed by distilled water, acetic acid, and
methanol.

Meanwhile, a study by Ahmad et al. (2007) determined the anti-
hyperglycemic effects of different extraction solvents in normal
and streptozotocin-induced diabetic rats. Aerial parts of A. panicu-
lata were extracted with different concentration of ethanol (20%,
50%, and 95%) and distilled water by using reflux techniques at
40 �C for 3 days. The biomarker of A. paniulata, andrographolide
was determined by using HPLC-UV analysis in each solvent extrac-
tion. The result showed 95% of ethanol and 50% ethanol had the
highest amount of andrographolide compounds with 25.8 and
19.4 mg/g dry weight extract, respectively. However, both ethanol
extracts did not show any antihyperglycemic activity, whereby the
result revealed that this extract reduced the fasting blood glucose
and insulin level in normal and diabetic rats after 14 days as com-
pared to pre-treatment levels. Thus, this concludes that both
extracts have a similar effect as metformin.

In 2008, a study conducted by Siva extracted leaves of 20 plants
including A. paniculata by using maceration techniques to deter-
mine the antifungal effects against Fusarium oxysporum. The
selected solvents for this study were water, ethanol, and acetone,
and the results showed that at 50% concentration of all extracted
plants was the most effective in reducing the growth of Fusarium
oxysporum. Four among the 20 plants, namely Adhatoda vasica, Jat-
ropha curcas, Sapindus emarginatus and Vitex negundo showed the
highest inhibition against fungal. In addition, 100% inhibition
occurred when treating with 40% of water extract A. vasica plant.
Focusing on A. paniculata plant, the highest inhibition was at 84%
of ethanol extract followed by water and acetone extract. There-
fore, A. paniculata plant also has an antifungal effect and maybe
in future the study can investigate which solvent and concentra-
tion shows 100% inhibitions of Fusarium oxysporum.

Next, a study by Kumoro et al. (2009) investigated the effect of
varying solvent properties on the Soxhlet extraction of diterpenoid
lactones from A. paniculata leaves. 16 different solvents were used
which were n-hexane, petroleum ether, dichloromethane, ethyl
acetate, chloroform, acetone 100%, acetone 70%, ethanol 100%,
ethanol 70%, ethanol 50%, ethanol 25%, methanol 100%, methanol
75%, methanol 50%, methanol 25%, and water. The study found that
methanol was the best solvent based on the yield of extract, and
andrographolide and deoxyandrographolide contents. Also, etha-
nol and aqueous acetone were able to extract andrographolide
but at a lower yield as compared to methanol solvents.

Similar extraction techniques were done by Misra et al. (2009)
extracted the whole plant of A. paniculata with chloroform, metha-
nol and ethanol for 8 h. The objective of the study was to improve
HPTLC-UV method in the quantification of andrographolide con-
stituents from different A. paniculata extracts. The results indicated
methanol as the best solvent for extract andrographolide con-
stituents with percentage mean at 0.178%, which was similar to
a study before, followed by ethanol and chloroform extract at
0.166% and 0.045%, respectively. The selected extraction solvent
was further investigated with suitable binary mixture for a mobile
phase in HPTLC separation of andrographolide compounds.

In another study, Tanwer and Vijayvergia (2010) applied soxh-
let techniques to evaluate the phytochemical and molluscicidal
activities of A. paniculata stem, leaf and roots. The solvents used
in the study were petroleum ether, benzene, chloroform, ethanol,
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and water to determine the presence of various compounds in each
extract. Maximum yield at 3.134% was obtained fromwater extract
followed by ethanol, benzene, chloroform, and petroleum ether.
Presence of tannin was found in all extract except in petroleum
ether. Meanwhile, flavonoids and alkaloids were found in chloro-
form, ethanol, and water extract. Steroids were only obtained in
chloroform and ethanol extract. In conclusion, all compounds are
able to be obtained in ethanol extract. However, the ethanol
extract was surprisingly toxic to snail Lymnaea acuminate.

Soxhlet techniques were also been used to extract leaves and
roots of A. paniculata by using ethanol and methanol as extraction
solvents (Kuppusamy & Murugan, 2010). This study determined
the effects of both extracts on growth, development, and reproduc-
tion of malarial vector Anopheles stephensi Liston. The result
showed that ethanol extract was able to inhibit the emergence of
larvae at 88.60% when treated with 35 ppm after 8 days. Mean-
while, methanol extract obtained lower emergence inhibition than
ethanol extract at 85.25%. This result was similar to a study by
Pushpalatha & Muthukrishnan (1995).

Saranya et al. (2010) aimed a suitable solvent that contained a
high yield of andrographolide compounds and then an extract pos-
sessed high antioxidant and antiulcer activities. The leaves of A.
paniculata were subjected to a serial extraction and set tempera-
ture within 60 �C � 80 �C with the following order of solvent polar-
ity: petroleum ether, ethyl acetate, ethanol, and hydro alcohol. The
result revealed hydro alcohol fractions indicated significant free
radical scavenging activity and was able to influence antiulcer
activity due to the ability in preventing the formation, and the neg-
ative effects of toxic oxygen free radical on gastric mucosa. Thus,
this study suggested further investigations on gastro protective
trait of A. paniculata.

Then, Das and Srivastav (2014) studied the antimicrobial activ-
ity of AP leaf extract by using different extraction solvents such as
chloroform, methanol, petroleum ether, and water against bacte-
rial strains like Bacillus subtilis, Escherichia coli by disc diffusion
method. Besides, the presence of phytochemicals in different
extraction solvent was carried out, including antioxidant activity,
antipyretic activity and antidiabetic activity. The result revealed
that methanolic extract from soxhlet techniques of AP leaf
showed maximum inhibitory action against Escherichia coli and
Bacillus subtilis. The similar methanol extract showed high antiox-
idant activity with 97.2% inhibition of free radical and decreasing
the blood glucose level in the antidiabetic activity. However, chlo-
roform and water extract exhibited the highest antipyretic activ-
ity (reduced elevated body temperature) in mice after a two-h
treatment. This showed that the methanol solvent was able to
act as an antimicrobial agent and antidiabetic agent due to the
high presence of phytochemical as compared to other extraction
solvent.

A study conducted by Jadhao and Thorat (2014) focused on the
effect of different solvents, such as ethanol, methanol, acetone,
ethyl acetate, petroleum ether, and Dichloromethane on total yield
extraction. The experiments were done by using reflux techniques
and the results revealed that methanol extraction gave the highest
extraction yield as compared to other solvents. High yield of major
constituents, andrographolide was obtained when extracted with
polar solvents as compared to non-polar solvents, especially
methanol although solubility parameters ethanol and acetone
were closer to andrographolide compounds. Meanwhile, water
extract contained less andrographolide content due to the hydrol-
ysis and thermal degradation that might affects the results. To con-
clude, the polar solvent (methanol) was the best solvent to extract
andrographolide compounds as compared to other solvents which
were also supported by Misra et al. (2009).

Conventional extraction of A. paniculata to extract primary
bioactive compound, andrographolide was performed by macer-



Nur Amanina Abd Aziz, R. Hasham, Mohamad Roji Sarmidi et al. Saudi Pharmaceutical Journal 29 (2021) 143–165
ation, soxhlet, and reflux as above. A study by Chen et al. (2007)
carried out MAE techniques was coupled on-line with HPLC to
quantify andrographolide and dehydroandrographolide from the
whole plant of A. paniculata. Optimisation of this technique
was done by including several parameters like varying the con-
centration of methanol in water, microwave power, extraction
time, extraction solvent flow-rate and amount of sample. The
optimised conditions for MAE extraction were found at 60%
aqueous methanol, 80 W, 6 min, 1.0 mL/min, and 10 mg due
to the high presence of andrographolide and dehydroandro-
grapholide constituents. These obtained data were compared
with ultrasonic extraction techniques (40% aqueous methanol,
30 min, 500 mg), and the results indicated MAE techniques that
were on-line coupled with HPLC required shorter time and less
amount of sample to extract both bioactive compounds, andro-
grapholide (1.13%), and dehydroandrographolide (0.65%) from
A. paniculata.

A study conducted by Vasu et al. (2010) compared the conven-
tional techniques (soxhlet techniques) and modern techniques
(MAE) by using chloroform and a mixture of chloroform and dis-
tilled water as extraction solvent, respectively. Both techniques
and solvents were analysed on their major compounds by using
UV, HPTLC, and HNMR. Then, antioxidant activity via (2,20-azino-
bis (3-ethylbenzo-thiazoline-6-sulphonic acid) diammonium salt),
ABTS assay; DPPH assay, nitric oxide radical scavenging activity;
lipid peroxidation inhibitory assay; and scavenging superoxide
radical by alkaline DMSO method were done. The yield of andro-
grapholide compounds for conventional techniques were obtained
at 0.4452% and MAE techniques provided a 0.589% yield. However,
extracted samples in chloroform only under the same parameter of
MAE techniques the yield obtained was 0.152%. This showed that
binary solvent was more effective in the extraction of andro-
grapholide as compared to the pure solvent. Besides, MAE tech-
niques obtained higher yield as compared to the conventional
techniques within a shorter time and was able to reduce thermal
effects on targeted bioactive compounds.

A study conducted by Trivedi et al. (2011) identified high yield
of androgapholide and neo-andrographolide from leaves of A.
paniculata by applying different extraction techniques (cold per-
colation, hot maceration, UAE and MAE) and different solvent
polarities (hexane, chloroform, ethyl acetate, ethanol, methanol
and surfactant). It is shown that methanol solvent as the best sol-
vent to extract both major compounds in A. paniculata leaves.
This was because both bioactive compounds were hydrophobic
compounds and more preferred extract with an alcohol solvent.
Modern techniques such as UAE and MAE techniques were pre-
ferred more than cold percolation and hot maceration due to
the shorter extraction time. In addition, mostly organic solvents
were not suitable for microwave effects. Therefore, UAE tech-
niques with methanol solvents were chosen for high yield extrac-
tion of andrographolide and neo-andrographolide bioactive
compounds.

Recently a study conducted by Chua and co-worker in 2019
aimed at a rapid and simple phytochemical profile of A. paniculata.
The study applied reflux techniques to determine the yield of a
major compound and total saponin content, including the total
yield of the crude extract by using different concentration of etha-
nol (0–100) % in water as extraction solvent. The result indicated
0% ethanol exhibited the highest total yield of the crude extract
with a result in 15.7%. But, total saponin content was increased
as the concentration of ethanol increase. This showed that ethanol
had an important role to extract saponin compounds. The yield of
major compounds such as andrographolide and dehydroandro-
grapholide was determined by using LC-DAD MS/MS analysis and
the result revealed that both bioactive compounds increased with
the concentration of ethanol.
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In the same year, a study by Rubi et al. investigated the viability
of using SFE techniques (CO2– expended liquid extraction) with
different extraction solvents (water, ethanol, and a mixture of
ethanol–water) of andrographolide from A. paniculata. The SFE
techniques were then compared with conventional solid–liquid
extraction to determine which solvent and techniques gave the
highest yield recovery of andrographolide compounds. In this
study, conventional solid–liquid extraction showed ethanol sol-
vent gave the highest recovery of andrographolide at 21% followed
by, a mixture of ethanol–water and water at 18% and 12%, respec-
tively. Meanwhile, modern techniques gave the highest yield of
andrographolide when a mixture of ethanol–water was used as
solvent extraction, whereby the resulting increase was from 18%
to 64%. Then this was followed by ethanol and water at 49% and
19%, respectively. Therefore, it can be concluded that the binary
solvent system was better solvent to be used to extract major com-
pounds of A. paniculata plant as compared to the pure solvent. In
addition, modern techniques can shorten the extraction time and
result high yield of bioactive compounds.

A summary of review studies on A. paniculata plant is shown in
Table 4 with regard to the extraction techniques and solvent used.

6. Conclusion

This review article is focused on variety of traditional and
modern extraction techniques that used to extract polar bioactive
compounds from O. aristatus, E. longifolia and A. paniculata. It was
prepared based on plenty of literature research. In conclusion,
modern extraction techniques are the most efficient and promis-
ing way to obtain the highest yield of components including the
stability of targeted compounds. The reduction use of solvent
and co-solvent in modern extraction techniques helps in improv-
ing the environment health and industry application which aims
a green extraction. Hence, this article will be a complete ready
reference for those researchers who are further their study
regarding the drug discovery and drug development from natural
products.
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