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Kaempferia galanga Linn is an endangered medicinal plant that contains high value essentials. This
plant belongs to the Zingiberaceae family and is used in pharmaceuticals and cosmetics, as well as
food. This paper aims to review the research progress on K. galanga Linn, particularly on the
phytochemistry and extraction process of this plant, including a new perspective on its
pharmacological activities. Data and information on this aromatic ginger were collected and
summarised from various resources, mainly from Science Direct and Web of Science. The main
bioactive compounds extracted from its rhizome were ethyl cinnamate, ethyl p-methoxycinnamate,
kaempferol, camphene, linoleoyl, borneol, and 1,8-cineole. These bioactive compounds have
numerous nutraceutical properties, such as antioxidant, anti-inflammatory, anti-microbial,
analgesic, anti-tuberculosis, anticancer, wound healing, and mosquito repellent. Furthermore,

chemical characterisation, in vitro analysis, and in vivo biological studies have confirmed the

traditional uses of this plant.
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I. INTRODUCTION

For thousands of years, plants have been utilised as medicine
by humans and play a vital role in the primary healthcare of
rural places worldwide (Panyadee et al., 2019). Medicinal
plants are the primary source of novel chemical compounds
with therapeutic promise. Most people in developing nations
rely almost entirely on traditional medical practices as their
primary healthcare practice and as the principal source of
pharmacological therapy in traditional medicine (Ridtitid et
al., 2008). In addition, herbs and spices used as seasonings
in culinary applications are recognised as having the ability to
improve the sensory characteristics of food since ancient
times. Herbs are related to the leaves of a plant in cooking,
whereas spices refer to any other parts of the plant (Yuliana

et al., 2011). Eating raw plants is also considered a traditional
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healthy diet. This diet is high in antioxidants, including
phytochemicals, vitamins, and enzymes, as well as other
minerals and fibre that are good for human health.
Consuming raw plants is an excellent step to help prevent
degenerative diseases (e.g., cancer, diabetes, hypertension,
and cardiovascular disease), delay the signs of ageing, and
improve physical fitness. Among the phytochemicals found in
plants, phenolic compounds are the main bioactive
compound contributing to the higher value of antioxidant
activity (Sulaiman et al, 2011). Moreover, natural
phytochemicals are used in traditional Ayurveda as an
alternative strategy to effectively treat ailments. Therefore,
the demand for herbal medicines has grown tremendously
due to safer choices, availability, and economic benefits

(Amalraj et al., 2019).
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Kaempferia galanga Linn (K. galanga Linn) belongs to the
Zingiberaceae family, which consists of roughly 60 species
(Alsalhi et al., 2020) found in tropical countries, such as
India, China, Indonesia, Cambodia, Malaysia, Myanmar, and
Thailand (Swapana et al., 2018). K. galanga Linn is one of
the most important species in the Zingiberaceae family on an
industrial scale. It is also known as aromatic ginger (Alsalhi
et. al., 2020; Yao et al., 2018) and sand ginger (Yao et al.,
2018), which is a popular condiment in Asian cuisines, but
rarely known in Western countries. The Zingiberaceae family
consists of a significant variety of medicinal plants that are
well-known for their ethnomedicine applications (Tushar et
al., 2010). It is commonly known as “cekur” in Malaysia,
“kencur” in Indonesia, “shan-nai” by the Chinese (Othman et
al.,2006), and “proh hom” in Thailand (Ridtitid et al., 2008).

The Kaempferia genus has approximately 60 economically
valuable species due to their widespread ethnomedicinal
uses. Labrooy et al. (2018) have identified the
ethnomedicinal importance of Kaempferia species based on
morphological traits and suitable DNA regions. Based on
their findings, morphological and molecular data have
taxonomic congruence. Leaf parameters, rhizome colours,
and plant habit are the most distinguishing morphological
features in recognising Kaempferia species when flower
components are unavailable. Nonetheless, DNA barcodes are
preferred since they can be used to identify this herbal plant,
especially in determining and preserving its quality for herbal
business purposes (Mohammed Abubakar et al., 2017).
Figure 1 shows a photo of the Kaempferia galanga Linn.

Based on a literature review conducted in this study,
notable reviews already exist in related areas of research.
Munda et al. (2018) reviewed the chemical composition and
biological activities of the essential oil of K. galanga Linn.
They revealed that the major chemical constituents in the
essential oil of K. galanga Linn are ethyl trans-p-

methoxycinnamate, ethyl cinnamate, and pentadecane.

Figure 1. Kaempferia galanga Linn

However, to the best of our knowledge, no systematic
literature review (SLR) on Kaempferia galanga Linn has
been published yet. Therefore, this systematic literature
review aimed to summarise any information found related to

K. galanga Linn.

II. MATERIALS AND METHODS

A. Methods

This systematic literature review (SLR) aimed to search and
synthesise findings reported by previous studies or research.
This process was transparent and used repeatable techniques
during each step according to the five steps reported by Ismail
et al. (2021). The SLR steps are shown in Figure 2, which
consist of defining the research questions, explaining the
search strategy, determining the inclusion and exclusion
criteria, assessing quality, gathering data, and performing a

descriptive analysis (Khallaf & Khallaf, 2021).

15t step:
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Figure 2. Flowchart of a systematic literature review
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B. Research Questions

The first step was to address the following research questions
(RQs) using the SLR technique. This review paper aimed to

answer five RQs, as follows:

RQ1. What are the important research profiles previously
discussed regarding Kaempferia galanga Linn?

RQ2. What are the research topics related to pressing
issues addressed in the literature on phytochemical
substances in Kaempferia galanga Linn?

RQs3. Based on previous research, what are the extraction
procedures used to extract essential oil from Kaempferia
galanga Linn?

RQ4. What are the research gaps and limitations identified
in previous studies?

RQ5. How can previous research on the phytochemical
compounds in Kaempferia galanga Linn extract help future

research?

C. Screening

The second step in the SLR was to use keywords and search
strings consisting of “Kaempferia galanga” (accessed on July
20, 2021), which yielded 290 articles from Science Direct,
1,210 articles from the Scopus database, and 189 articles from
Web of Science (WoS). This strategy aimed to find the
intended concept and case studies. However, several articles
have to be excluded from the inclusion criteria. These
included systematic review articles, review articles, meta-
analyses articles, meta-synthesis articles, book series, books,
chapters in a book, conference proceedings, and non-English
articles. Then, the remaining articles were uploaded to
Mendeley for data crunch. Data crunching entailed deleting

duplicate articles and updating the details of each paper.

D. Eligibility

The third step involves an eligibility process, as shown in
Table 1. This process was performed to define the eligibility,
inclusion, and exclusion criteria of relevant articles for
inclusion in the systematic review. The inclusion and
eligibility criteria are central features of the SLR design. The

criteria of article titles, abstract, and complete text were also

used during the eligibility process to determine which articles

to be included in this review.

Table 1. Inclusion and exclusion criteria

Criterion Eligibility Exclusion
Literature  Indexed Non-indexed journals,
type Journal systematic review
(research journals, chapters in a
articles) book, conference

proceeding

Language  English Non-English

This review has excluded several articles that did not meet
the objectives, have no empirical data, did not focus on K.
galanga Linn, and were not in the Q1 and Q2 of quality

journal impact score.

E. Gathering Data

The fourth step was to collect data once the eligibility process
was completed. Each article was exported to the xml format
from the Mendeley platform after it has been screened and
checked for eligibility. This procedure ensured that all files
could be imported into the Atlas.ti 9 programme. This
advanced software allows users to organise, rearrange, and
manage their files creatively and logically. Atlas.ti 9 with a

student licence (L-EC5-619) was utilised for this review work.

g Records Records identified through Records identified
£ identified WoS searching through

& through (n=191) other sources -
E Science Direct Taylor Francis,
’E searching Springer
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= Studies included in a Q2 in each online
Té qualitative synthesis database
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Figure 3. Flowchart of the screening process
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F. Descriptive Analysis

The final step was data abstraction and analysis. The
remaining articles were examined, reviewed, and analysed;
subsequently, 223 articles (studies) were treated in-depth in
this work. The reviews were based on specific studies that
corresponded to the research questions and objectives of this
current study. The outcomes of this step, as indicated in
Figure 3, are 44 articles. This SLR used Atlas.ti 9 to identify
critical information and to compare related ideas among

these articles.

III. RESULTS AND DISCUSSION

A. The Research Profile of Kaempferia galanga
Linn
Most people continue to rely on traditional materials
(medicinal plants and other materials) as part of their daily
healthcare routine. It is also a fact that one-quarter of all
medical prescriptions are for formulations based on
substances derived from plants, or plant-derived synthetic
2010). The World Health
Organization (WHO) estimated that 80% of the world

equivalents (Sahoo et al.,

population, especially in developing countries, rely on plant-
derived medicines for healthcare (Gurib-Fakim, 2006). K.
galanga Linn is one of the herbs that has been recognised and

used for centuries.
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Figure 4. The number of referred papers in the digital library

of Science Direct and WoS

The research profile of previous studies showed that
literature on the extraction of phytochemical components of
K. galanga Linn are relatively in demand, as the number of
publications has increased tremendously since 2012 for two
online databases. Figure 4 shows the number of referred
articles based on Science Direct and Web of Science (WoS)
digital databases from 1983 to July 2021.

Table 2 shows that the Journal of Ethnopharmacology has
published the most papers related to K. galanga out of 44
articles reviewed in this study. These results showed that this
plant has a high therapeutic value, and studies are ongoing
and receiving attention from various sources, especially in the
pharmaceutical field of study. The second journal to receive
similar attention for this plant was the Industrial Crops and

Products.

Table 2. Articles reviewed based on the title of journals,
journal impact quartile, and number of published articles in

Science Direct database

Title of Journal Journal No. of
Impact published
Quartile articles
Journal of Traditional and Q1 1
Complementary Medicine
Chinese Journal of Natural Q1 1
Medicines
Current Plant Biology Q2 1
Fitoterapia Q2 5
Food and Chemical Toxicology Q1 1
Food Chemistry Q1 2
Industrial Crops and Products Q1 7
Journal of Ethnopharmacology Q2 11
Journal of Food Composition Q1 1
and Analysis
Journal of Herbal Medicine Q2 2
Journal of Integrative Medicine Q1 1
Journal of King Saud University Q1 2
— Science
LWT - Food Science and Q1 1
Technology
Neuroscience Letters Q2 1
Phytochemistry Q1 1
Phytomedicine Q1 2
Plant Diversity Q1 1
Separation and Purification Q1 2
Technology
Toxicology Reports Q1 1
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In conclusion, researchers who are interested in studying
this plant could use this SLR as a basis for selecting journals
for further studies.

Meanwhile, Figure 5 shows Indonesia, India, Thailand,
China, Japan, Malaysia, and Brunei as the seven (7) countries
contributing to the high number of published works on K.
galanga. K. galanga Linn is a species of herb with aromatic
rhizomes that have a pungent and spicy flavour. This culinary
spice is always added to poultry cuisines in Southeast Asia
(Ma et al., 2015) to enhance the flavour, colour, and aroma.
As a result, it is widely used in the culinary, seasoning,
cosmetic, and pharmaceutical industries (Sulaiman et al.,
2008). Furthermore, due to its various biological actions, K.
galanga Linn extract is regarded as a promising
multifunctional food additive (Kumar, 2020). Consequently,
most of the countries involved in this study are known for

their cuisines that incorporate a wide range of herbs and

natural items.

| Indonesia
India
Thalland

l
[l
[] China
[ |
0
[ |

Japan

s PHILIPPINES

Malaysia
Brunei

Figure 5. Countries with high numbers of published articles

on K. galanga Linn

B. The Phytochemical Substances of Kaempferia
galanga Linn

All phytochemical substances have unique physical,
chemical, and biological properties that make them suitable
for use in pharmaceutical products. Herbal active
components differ depending on numerous circumstances,
such as variety, geographic location, nutritional condition,
harvest season, production technique, and even storage
manner. Variations in these parameters could lead to
considerable pharmacological activity variations (Liu et al.,
2016). A total of 58 phytochemicals have been isolated from

the rhizome of K. galanga Linn, as listed in Table 3. The

major phytochemicals found in K. galanga Linn essential oil
were ethyl p-methoxycinnamate (32.08%), ethyl cinnamate
(28.30%), pentadecane (14.85%), and globulol, or Ledol
(2.35%) (Zhang et al, 2020). Ma et al. (2015) used

ultrasound-enhanced subcritical water extraction for
extracting the essential oil of K. galanga Linn. This method
produced the same results as the essential oil extracted using
hydrodistillation by AlSalhi et al. (2020). Both papers agreed
that the highest phytochemical in the essential oil of this plant
is ethyl p-methoxycinnamic acid. This acid is an ester, which
contributes to the pungent smell of this plant. These results
showed that the extraction method does not affect the main
components of the essential oil. The structural formulas of
several phytochemicals found in K. galanga Linn are

presented in Figure 6.
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Figure 6. The structures of several phytochemicals extracted
from K. galanga Linn: 6(a) ethyl cinnamate (Kumar, 2020);
6(b) p-methoxycinnamic acid (Othman et al., 2006); 6(c)
ethyl p-methoxycinnamate (Lakshmanan et al., 2011); and

6(d) kaempferol (Cao et al., 2020)

A natural flavonoid, known as kaempferol has been
demonstrated as being able to reduce pancreatic and lung
cancers (Lal et al.,, 2017). Meanwhile, Cao et al. (2020)
reported that kaempferol acts as a protein modulator for
Parkinson’s disease to prevent mast cell-mediated allergic
disorders by attenuating Lyn activation. Furthermore,
previous experimental results have shown that kaempferol
can reduce Immunoglobulin E-mediated food allergies, and
enable the rehabilitative modulation of downstream signals,

demonstrating its therapeutic potential for allergic disorders.
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The advantages of kaempferol have also been reported by Luo
et al. (2021). Their findings showed that kaempferol’s tumour
necrosis factor receptor-associated factor 6 (TRAF6) plays an
essential role in inflammatory responses in diabetic
nephropathy. Thus, a diet high in kaempferol has been shown
to be helpful, particularly in terms of lowering the risk of
chronic diseases. Furthermore, it boosts the body’s defence
capability by acting as an antioxidant against free radicals,
which contribute to cancer development.

In a rat aortic ring assay, ethyl p-methoxycinnamate was

found to have an anti-angiogenic tangible impact (Umar et

al., 2014). However, the essential processes of endothelial
cells, including proliferation, migration, and tube formation,
were also discovered to inhibit the generation of vascular
endothelial growth factors, which caused the problem. Thus,
ethyl p-methoxycinnamate could potentially become the
starting point for developing therapeutics that target

inflammation and angiogenesis (Umar et al., 2014).

Table 3. Phytochemicals isolated from K. galanga Linn

No Compound Molecular Molecular References
formula weight
1 1,8-Cineole CioH180 154.25 (AlSalhi et al., 2020)
1-Hexadecene CisHse 224.42 (AlSalhi et al., 2020)
3 2-[2-(4-Nonylphenoxy) ethoxy] CigH3203 308.5 (Aliet al., 2018)
ethanol
4 2-Propenoic acid C3H40: 72.063 (Ali et al., 2018)
5 3-Ethenylcyclooctene CioHie 136.23 (Ma et al., 2015)
6 3-Methyl tetradecane CisHse 212.41 (Ma et al., 2015)
7 9,12-methy octadecadienoate CioH3402 204.48 (Ma et al., 2015)
8 9-Octadecenoic acid methyl ester  CigH3602 206.39 (Ma et al., 2015)
9 Borneol C1oHi180 154.25 (Ma et al., 2015)
(AlSalhi et al., 2020)
10 Cadinene CisHoy 204 (Ma et al., 2015)
11 Camphor CioH160 152.23 (Ma et al., 2015)
12 Carophyllene oxide CisH24,0 220.35 (AlSalhi et al., 2020)
13 cis-Limonene oxide Ci1oH160 152.23 (AlSalhi et al., 2020)
14 cis-Verbenol CioH160 152.23 (AlSalhi et al., 2020)
15 Copaene CisHoy 204.35 (Ma et al., 2015)
16 Cyclopentadecanone CisH280 224.38 (Ma et al., 2015)
17 D-Limonene CioHi6 136.24 (Ma et al., 2015)
18 Ethyl cinnamate CuHi202 176.21 (Ma et al., 2015)
19 Ethyl cis-p-methoxycinnamate Ci2H1403 206.24 (Ma et al., 2015)
20 Ethyl p-Methoxycinnamate Ci2H1403 206.24 (Ma et al., 2015)
(AlSalhi et al., 2020)
21 Eucalyptol C10Hi180 154.25 (Ma et al., 2015)
22 Germacrene D CisHoy 204.35 (Ma et al., 2015)
(AlSalhi et al., 2020)
23 Glycidyl stearate C21H4005 340.5 (Ali et al., 2018)
24 Heptadecane Ci7H36 240.47 (Ma et al., 2015)
25 Hexadecane CisHsy 226.44 (Ma et al., 2015)
26 Hexadecanoic acid Ci6H3202 256.42 (Ali et al., 2018)
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27 Isoborneol Ci1oHi180
28 Kaempferol C15H1006
29 Ledol Ci5H260
30 Linalool Ci0H180
31 Methyl oleate CigH3602
32 Methyl palmitate CiyH340-
33 Myrcene CioHis
34 Octadecanoic acid Ci8H3602
35 Oleic acid Ci8H3402
36 p-Cymene CioHyy
37 Pentadecane CisHso
38 Pentadecane,2,6,10-trimethyl CisHss
39 Pentadecanol CisH320
40 Phthalic acid CsHeO,4
41 p-Methoxycinnamic acid Ci0H1003
42 Sabinyl acetate Ci2H180-
43 Sandaracopimaradiene CaoHse
44 Spathulenol CisH24,0
45 Terpinen-4-ol CioHi180
46 Tetradecane Ci4Hso
47 Thymol Ci1oH14,0
48 trans-Ethyl cinnamate C1:H1202
49 Tridecane Ci3Hos
50 a-Calacorene CisHoy
51 a-Gurjunene CisHoy
52 a-Humulene CisHoy
53 a-Phellandrene CioHi6
54 a-Pinene CioHie
55 a-Terpinene CioHie
56 a-Terpineol C1oHi180
57 B-Elemene CisHoy
58 -Eudesmol Ci5H260
59 y-Elemene CisHoy
60 6-3-Carene CioHie
61 6-Cadinene CisHoy

154.25 (AlSalhi et al., 2020)
286.24 (Cao et al., 2020)
222.37 (AlSalhi et al., 2020)
154.25 (AlSalhi et al., 2020)
206.49 (Ma et al., 2015)
270.00 (Ma et al., 2015)
136.24 (AlSalhi et al., 2020)
284.5 (Ali et al., 2018)
282.5 (Ali et al., 2018)
134.22 (AlSalhi et al., 2020)
212.41 (Ma et al., 2015)
254.49 (Ma et al., 2015)
228.41 (AlSalhi et al., 2020)
166.13 (Ali et al., 2018)
178.18 (Ma et al., 2015)
194.27 (AlSalhi et al., 2020)
272.5 (Ali et al., 2018)
220.35 (AlSalhi et al., 2020)
154.25 (AlSalhi et al., 2020)
198.39 (Ma et al., 2015)
150.22 (AlSalhi et al., 2020)
176.21 (AlSalhi et al., 2020)
184.3614 (Ma et al., 2015)
204.35 (Ma et al., 2015)
204.35 (AlSalhi et al., 2020)
204.35 (AlSalhi et al., 2020)
136.24 (AlSalhi et al., 2020)
136.24 (AlSalhi et al., 2020)
136.24 (AlSalhi et al., 2020)
154.25 (AlSalhi et al., 2020)
204.35 (AlSalhi et al., 2020)
222.37 (AlSalhi et al., 2020)
204.35 (AlSalhi et al., 2020)
136.24 (AlSalhi et al., 2020)
204.35 (AlSalhi et al., 2020)

Othman et al. (2006) reported their pharmacological
research on ethyl cinnamate and p-methoxycinnamic acid.
The vasorelaxant activity of ethyl cinnamate supports the use
of K. galanga Linn for hypertension relief. In addition,
angina, asthma, and other types of generalised muscular
spasms are among the numerous ailments that can be
managed using the therapeutic benefits of smooth muscle

relaxants.

K. galanga Linn has been used traditionally in many
cultures. Figure 7 shows several uses of this plant, such as to
treat gastritis (Panyadee et al., 2019), fever (Srivastava et al.,
2021), wounds (Zhang et al., 2020), as a snake antivenom
(Elshamy et al., 2020), diarrhoea (Yincharoen et al., 2021),
and vertigo (Elshamy et al., 2020). In the traditional method,
the mature rhizome is boiled in coconut oil or mixed with

Vaseline and applied directly to the abdomen as needed
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(Neamsuvan et al., 2012). Meanwhile, in the research done by
Tushar et al. (2010), the rhizome would be taken orally for
treating indigestion, cold, pectoral and abdomen pain,
headache, and menstrual pain. Even though this plant is often
used in Ayurveda, the traditional Hindu medication system
(Basak et al., 2019), more studies need to be done, especially
regarding dosage intake. Thus, more work needs to be done

to close the gap between traditional and modern medicine.

Vertigo

Snake

Diarrhea .
antivenom

TRADITIONAL
USE OF

Kaempferia
galanga linn

Figure 7. Illustration of the traditional uses of K. galanga

Linn

C. The Extraction Methods

Pre-extraction and extraction techniques for extracting
bioactive components from plant materials are key phases in
researching medicinal plants. Traditional techniques, such as
maceration and Soxhlet extraction, are frequently used at the
Small Manufacturing Enterprises (SME) level. However,
modern extraction methods, such as microwave-assisted
extraction (MAE), ultrasound-assisted extraction (UAE), and
supercritical fluid extraction (SFE), have made considerable
advances in the processing of medicinal plants to boost higher
yields while decreasing costs. With such a diverse range of
extraction methods available, picking the appropriate
extraction procedure takes considerable thought.

Various techniques have been used to extract K. galanga
Linn, as shown in Figure 8 in yellow colour. This is because
different extraction methods may result in different
phytochemicals being extracted. The hydrodistillation
method was utilised by Srivastava et al. (2019), and the

results showed that ethyl p-methoxycinnamate was the main

component produced. AlSalhi et al. (2020) discovered the
same main component when extracting essential oil from K.
galanga Linn using the same method to investigate its
larvicidal activity against Aedes vittatus and Anopheles
maculatus.

Another technique used in the extraction of K. galanga
Linn is maceration, which is the most straightforward
technique (Dwita et. al., 2021; Tritripmongkol et al., 2020).
Maceration is a widespread inexpensive technique for
extracting K. galanga Linn oil at room temperature. It
involves immersing the plant’s sample in a solvent inside an
airtight container. However, organic wastes from this method
can become a problem due to the large volume of solvents
used, necessitating proper waste management. When
temperature and solvent choices are not a hindrance, they can
be used to improve the extraction process, minimise the
volume required for extraction, and even be used in the
maceration technique.

Meanwhile, Channabasavaiah Jagadish et al. (2016), Yao
et al. (2018), Ridtitid et al. (2008), Lakshmanan et al. (2011),
Wu et al. (2004), Wang et al. (2013), Ali et al. (2018),
Elshamy et al. (2019), and Swapana et al. (2018) used solvent
extraction in their method. Solvent extraction can be used if
the phytochemicals needed cannot tolerate heat. In contrast,
this procedure is highly time-consuming and thus makes the

oils more costly than other methods.

Methods of extraction for
Kaempferia galanga linn

Extraction methods
employed by earlier
researchersto extract
Kaempferia galanga Linn

that have not yet been
investigated

¢ Hydrodistillation ¢ Solvent—free microwave

¢ Ultrasound-enhanced extraction
subcritical water extraction ¢ Microwave-assisted
¢ Steam distillation extraction
o Solvent extraction ¢ Microwave dry-diffusion
« Maceration and gravity

¢ Ohmic-assisted
hydrodistillation

e Supercritical fluid
extraction

¢ Soxhlet

¢ Ultrasonic-assisted
extractions

Figure 8. Different essential oil extraction methods

The extraction of K. galanga Linn oil using steam
distillation was studied by Cao et al. (2020). However, steam
distillation and solvent extraction have some drawbacks, such

as low extraction efficiency, long extraction times, and
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substantial amounts of toxic solvent waste, necessitating the
development of alternate procedures for essential oil
extraction (Ma et al., 2015). Thus, Ma et al. (2015) employed
a novel ultrasonic-enhanced subcritical water extraction
process in two phases (USWE) to extract K. galanga Linn
essential oil. It is a hybrid of ultrasonic and water extraction
methods that has resulted in a more dynamic extraction
process in the second phase. This technology is quite
promising because of its advantages in terms of time-saving,
environmental friendliness, and high efficiency.

Another technique for extracting K. galanga Linn oil is the
Soxhlet method (Othman et. al., 2006; Umar et al., 2014).
However, despite its undoubted advantage of only requiring
a smaller quantity of solvent compared to maceration, this
method also has its limitations. One drawback is the exposure
to hazardous and flammable liquid organic solvents, with
potential toxic emissions during extraction. Moreover, the
solvent used in the extraction process needs to be purified,
which means additional costs.

Ultrasonic-assisted extraction is a modern technology that
was utilised by Srivastava et al. (2021). The advantages of this
green extraction technology are high efficiency, low energy
consumption, and reduced use of organic solvents.
Ultrasonic-assisted extraction is a modern extraction
technology that uses the cavitation effect, mechanical
vibration, and thermal effect produced by ultrasound to
destroy plant cell walls, thereby, promoting the diffusion of
the solvent and accelerating the dissolution of the organic
compound.

Superecritical fluid extraction (SFE) is another popular
which did not been explore to extract the K. galanga Linn yet.
SFE is known due to their time-sensitive, cost-effective, and
near-ambient temperature conditions. The technology has
numerous commercial applications in the production of

and food,

including the decaffeination of coffee or tea, the separation of

nutraceuticals, pharmaceuticals, flavours,
fatty acids from spices, and the separation of dyes from red
pepper (Pise & Thorat, 2022).

In conclusion, these extraction methods can be chosen
based on the benefits in yield and selectivity, faster extraction
essential oil and environmental

time, composition,

friendliness.

D. Research Gaps and Limitations in Research on
K. galanga Linn

This investigation has found several extremely fascinating
findings in a variety of areas. However, no study has been
conducted to compare the results of different extraction
methods for extracting K. galanga Linn oil. A commonly used
method to extract essential oil from K. galanga Linn is
maceration, which is considered a conventional method.
Therefore, green extraction techniques, such as solvent-free
microwave extraction, microwave-assisted hydrodistillation,
and supercritical fluid extraction, should be taken into
consideration in future studies. Since the quality of essential
oils may vary depending on the location, thus, future studies
are also recommended to explore more on the effects of soil
and other parameters on the phytochemical compounds

produced.

E. The Future Trend and Challenges of K. galanga
Linn

The application of K. galanga in the food, pharmaceutical,
and cosmeceutical industries is an exciting issue. However,
researchers and industrial players should consider using
green technologies to increase the safety aspect of human
consumption and environmentally friendly techniques.
Moreover, with the increasing health problems nowadays,
essential oils from plants and natural products are gaining

significant attention from the end-users.

IV. CONCLUSION

The research profiling work on K. galanga Linn has
increased, which shows that studies on this herbal plant are
significant because this herbal plant is enriched with
phytochemical substances (e.g., p-methoxycinnamate) that
are traditionally used to treat a variety of ailments, such as
cough, cold, and fever. However, further research works are
needed to close the gap between traditional and modern
medicine. Among the various extraction techniques, green
technologies, such as solvent-free microwave extraction,
microwave-assisted extraction, and supercritical fluid
extraction are promising methods to the consumers and
manufacturers due to their advantages of lower costs, safer,

and shorter time. In conclusion, to increase the trust and
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demand of consumers, extended studies and clinical trials are funds and facilities for this project under GKP Grant (600-

required to demonstrate the effectiveness of this herbal plant

as a natural medicine.

V. ACKNOWLEDGEMENT

The authors are grateful to Universiti Teknologi MARA
(UiTM) and the School of Chemical Engineering for providing

VI. REFERENCES

RMC/GPK 5/3 (114/2020)).

Ali, H, Yesmin, R, Satter, MA, Habib, R & Yeasmin, T 2018,
'Antioxidant and antineoplastic activities of methanolic
extract of Kaempferia galanga Linn. Rhizome against
Ehrlich ascites carcinoma cells', Journal of King Saud
University - Science, vol. 30, no. 3, pp. 386—392.

AlSalhi, MS, Elumalai, K, Devanesan, S, Govindarajan, M,
Krishnappa, K & Maggi, F 2020, 'The aromatic ginger
Kaempferia galanga L. (Zingiberaceae) essential oil and
its main compounds are effective larvicidal agents against
Aedes vittatus and Anopheles maculatus without toxicity on
the non-target aquatic fauna', Industrial Crops and
Products, vol. 158(August), p. 113012.

Amalraj, A, Jacob, J, Varma, K, Kunnumakkara, AB, Divya, C,
& Gopi, S 2019, 'Acujoint™, a highly efficient formulation
with natural bioactive compounds, exerts potent anti-
arthritis effects in human osteoarthritis — A pilot
randomized double blind clinical study compared to
combination of glucosamine and chondroitin', Journal of
Herbal Medicine, 17—-18, 100276.

Cao, J, Li, C, Ma, P, Ding, Y, Gao, J, Jia, Q, Zhu, J & Zhang, T
2020, 'Effect of kaempferol on IgE-mediated anaphylaxis in
C57BL/6 mice and LAD2 cells’, Phytomedicine, vol.
79(September), p. 153346.

Dwita, LP, Hikmawanti, NPE, Yeni & Supandi 2021, 'Extract,
fractions, and ethyl-p-methoxycinnamate isolate from
Kaempferia galanga Elicit anti-inflammatory activity by
limiting leukotriene B4 (LTB4) production', Journal of
Traditional and Complementary Medicine, vol. 11, no. 6, pp.
563—569.

Elshamy, AI, Mohamed, TA, Essa, AF, Abd-Elgawad, AM,
Algahtani, AS, Shahat, AA, Yoneyama, T, Farrag, ARH, Noji,
M, El-Seedi, HR, Umeyama, A, Paré, PW & Hegazy, MEF
2019, 'Recent advances in Kaempferia phytochemistry and

biological activity: A comprehensive review', Nutrients, vol.

11, no. 10, pp. 1—38.

Elshamy, AI, Mohamed, TA, Swapana, N, Yoneyama, T, Noji,
M, Efferth, T, Hegazy, M-EF & Umeyama, A 2020,
'Cytotoxic polyoxygenated isopimarane diterpenoids from
the edible rhizomes of Kaempferia galanga (kencur)',
Industrial Crops and Products, vol. 158(August), p. 112965.

Gurib-Fakim, A 2006, 'Medicinal plants: Traditions of
yesterday and drugs of tomorrow', Molecular Aspects of
Medicine, vol. 27, no. 1, pp. 1-93.

Ismail, SN, Ramli, A & Aziz, HA 2021, 'Influencing factors on
safety culture in mining industry: A systematic literature
review approach', Resources Policy, vol. 74(May), p. 102250.

Jagadish, PC, Latha, KP, Mudgal, J, Nampurath, GK,
Channabasavaiah Jagadish, P, Parameshwarappa Latha, K,
Mudgal, J, Kutty Nampurath, G, Jagadish, PC, Latha, KP,
Mudgal, J, Nampurath, GK, Channabasavaiah Jagadish, P,
Parameshwarappa Latha, K, Mudgal, J, Kutty Nampurath,
G, Jagadish, PC, Latha, KP, Mudgal, J, Nampurath, GK,
2016, 'Extraction, characterization and evaluation of
Kaempferia galanga L. (Zingiberaceae) rhizome extracts
against acute and chronic inflammation in rats', Journal of
Ethnopharmacology, vol. 194(March), pp. 434—439.

Khallaf, R & Khallaf, M 2021, 'Classification and analysis of
deep learning applications in construction: A systematic
literature review', Automation in Construction, vol.
129(September 2020), p. 103760.

Kumar, A 2020, 'Phytochemistry, pharmacological activities
and uses of traditional medicinal plant Kaempferia
galanga L. — An overview', Journal of Ethnopharmacology,
vol. 253(February), p. 112667.

Labrooy, CD, Abdullah, TL & Stanslas, J 2018, 'Identification
of

(Zingiberaceae) species based on morphological traits and

ethnomedicinally  important = Kaempferia L.

suitable DNA region', Current Plant Biology, vol.

10



ASM Science Journal, Volume 18, 2023

14(August), pp. 50—-55.

Lakshmanan, D, Werngren, J, Jose, L, Suja, KP, Nair, MS,
Varma, RL, Mundayoor, S, Hoffner, S & Kumar, RA 2011,
'Ethyl p-methoxycinnamate isolated from a traditional anti-
tuberculosis medicinal herb inhibits drug resistant strains
of Mycobacterium tuberculosis in vitro', Fitoterapia, vol. 82,
no. 5, pp. 757-761.

Lal, M, Munda, S, Dutta, S, Baruah, J & Pandey, SK 2017,
'Identification of the New High Oil and Rhizome Yielding
Variety of Kaempferia galanga (Jor Lab K-1): A Highly
Important Indigenous Medicinal Plants of North East
India', Journal of Essential Oil-Bearing Plants, vol. 20, no.
5, pp. 1275—1282.

Liu, J-L, Long-Yun Li, & Guang-Hua He 2016, 'Optimization
of Microwave-Assisted Extraction Conditions for Five
Major Bioactive Compounds from Flos Sophorae
Immaturus ( Cultivars of Sophora japonica L.) Using
Response Surface Methodology', Molecules, vol. 21, no. 296,
pp. 1-27.

Luo, W, Chen, X, Ye, L, Chen, X, Jia, W, Zhao, Y, Samorodov,
AV, Zhang, Y, Hu, X, Zhuang, F, Qian, J, Zheng, C, Liang, G
& Wang, Y 2021, 'Kaempferol attenuates streptozotocin-
induced diabetic nephropathy by downregulating TRAF6
expression: The role of TRAF6 in diabetic nephropathy’,
Journal of Ethnopharmacology, vol. 268, p. 113553.

Ma, Q, Fan, X-D, Liu, X-C, Qiu, T-Q & Jiang, J-G 2015,
'Ultrasound-enhanced subcritical water extraction of
essential oils from Kaempferia galangal L. and their
comparative antioxidant activities', Separation and
Purification Technology, vol. 150, pp. 73—79.

Mohammed Abubakar, B, Mohd Salleh, F, Shamsir Omar, M
S & Wagiran, A 2017, 'Review: DNA Barcoding and
Chromatography Fingerprints for the Authentication of
Botanicals in Herbal Medicinal Products', Evidence-Based
Complementary and Alternative Medicine, 2017.

Neamsuvan, O, Tuwaemaengae, T, Bensulong, F, Asae, A &
Mosamae, K 2012, 'A survey of folk remedies for
gastrointestinal tract diseases from Thailand’s three
southern border provinces', Journal of Ethnopharmacology,
vol. 144, pp. 11—-21.

Othman, R, Ibrahim, H, Mohd, MAA, Mustafa, MRR &
Awang, K 2006, 'Bioassay-guided isolation of a
vasorelaxant active compound from Kaempferia galanga
L', Phytomedicine, vol. 13(1—2), pp. 61—66.

Panyadee, P, Balslev, H, Wangpakapattanawong, P & Inta, A
2019, 'Medicinal plants in homegardens of four ethnic

groups in Thailand', Journal of Ethnopharmacology, vol.

11

239, p. 111927.

Pise, VH & Thorat, BN 2022, 'Supercritical fluid extraction of
dried Surangi flowers (Mammea suriga)', Industrial Crops
and Products, vol. 186(April), p. 115268.

Ridtitid, W, Sae-wong, C, Reanmongkol, W & Wongnawa, M
2008, 'Antinociceptive activity of the methanolic extract of
Kaempferia galanga Linn. in experimental animals’,
Journal of Ethnopharmacology, vol. 118, no. 2, pp. 225-230.

Sahoo, N, Manchikanti, P & Dey, S 2010, 'Herbal drugs:
Standards and regulation', Fitoterapia, vol. 81, no. 6, pp.
462—471.

Srivastava, N, Mishra, S, Igbal, H, Chanda, D & Shanker, K
2021, 'Standardization of Kaempferia galanga L. rhizome
and vasorelaxation effect of its key metabolite ethyl p-
methoxycinnamate', Journal of Ethnopharmacology, vol.
271(August 2019), p. 113911.

Srivastava, N, Ranjana, Singh, S, Gupta, AC, Shanker, K,
Bawankule, DU & Lugman, S 2019, 'Aromatic ginger
(Kaempferia galanga L.) extracts with ameliorative and
protective potential as a functional food, beyond its flavor
and nutritional benefits', Toxicology Reports, vol. 6(June),
pp- 521—528.

Sulaiman, MR, Zakaria, ZA, Daud, IA, Ng, FN, Ng, YC &
Hidayat, MT 2008, 'Antinociceptive and anti-inflammatory
activities of the aqueous extract of Kaempferia galanga
leaves in animal models', Journal of Natural Medicines, vol.
62, no. 2, pp. 221—-227.

Sulaiman, SF, Sajak, AAB, Ooi, KL, Supriatno & Seow, EM
2011, 'Effect of solvents in extracting polyphenols and
antioxidants of selected raw vegetables', Journal of Food
Composition and Analysis, vol. 24(4-5), pp. 506—515.

Swapana, N, Tominaga, T, Elshamy, AI, Ibrahim, MAA,
Hegazy, M-EF, Singh, CB, Suenaga, M, Imagawa, H, Noji,
M & Umeyama, A 2018, 'Kaemgalangol A: Unusual seco-
isopimarane diterpenoid from aromatic ginger Kaempferia
galangda', Fitoterapia, vol. 129, pp. 47-53.

Tritripmongkol, P, Plengsuriyakarn, T, Tarasuk, M & Na-
Bangchang, K 2020, 'In vitro cytotoxic and toxicological
activities of ethanolic extract of Kaempferia galanga Linn.
and its active component, ethyl-p-methoxycinnamate,
against cholangiocarcinoma', J Integr Med, vol. 18, no. 4,
pp. 326-333.

Tushar, Basak, S, Sarma, GC & Rangan, L 2010,
'Ethnomedical uses of Zingiberaceous plants of Northeast
India’, Journal of Ethnopharmacology, vol. 132, no. 1, pp.
286—-296.

Umar, MI, Asmawi, MZ, Sadikun, A, Majid, AMSA, Al-Suede,



ASM Science Journal, Volume 18, 2023

FSR, Hassan, LEA, Altaf, R & Ahamed, MBK 2014, 'Ethyl-
p-methoxycinnamate isolated from Kaempferia galanga
inhibits inflammation by suppressing interleukin- 1, tumor
necrosis factor-a, and angiogenesis by blocking endothelial
functions', Clinics, vol. 69, no. 2, pp. 134—144.

Wang, F-L, Jian-Guang, L, Wang, X-B & Kong, L-Y 2013,
'Chinese Journal of Natural Medicines A pair of sulfonated
diarylheptanoid epimers from Kaempferia galanga’,
Chinese Journal of Natural Medicines, vol. 11, no. 2, pp.
171—0176.

Wu, SJ, Ng, LT, Chen, CH, Lin, DL, Wang, SS & Lin, CC 2004,
'Antihepatoma activity of Physalis angulata and P.
peruviana extracts and their effects on apoptosis in human
Hep G2 cells', Life Sciences, vol. 74, no. 16, pp. 2061—2073.

Yao, F, Huang, Y, Wang, Y & He, X 2018, 'Anti-inflammatory
diarylheptanoids and phenolics from the rhizomes of
kencur (Kaempferia galanga L.)', Industrial Crops and
Products, vol. 125(September), pp. 454—461.

Yincharoen, K, Adekoya, AE, Chokpaisarn, J, Kunworarath,
N, Jaisamut, P, Limsuwan, S & Chusri, S 2021, 'Anti-
infective effects of traditional household remedies
described in the national list of essential medicines,
Thailand, on important human pathogens', Journal of
Herbal Medicine, vol. 26, p. 100401.

Yuliana, ND, Igbal, M, Jahangir, M, Wijaya, CH, Korthout, H,
Kottenhage, M, Kim, HK & Verpoorte, R 2011, 'Screening of
selected Asian spices for anti obesity-related bioactivities',
Food Chemistry, vol. 126, no. 4, pp. 1724—1729.

Zhang, L, Liang, X, Ou, Z, Ye, M, Shi, Y, Chen, Y, Zhao, J,
Zheng, D & Xiang, H 2020, 'Screening of chemical
composition, anti-arthritis, antitumor and antioxidant
capacities of essential oils from four Zingiberaceae herbs',

Industrial Crops and Products, vol. 149, p. 112342.

12



	A. Methods
	B. Research Questions
	C. Screening
	D. Eligibility
	E. Gathering Data
	F. Descriptive Analysis

