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Curcuma aeruginosa Roxb rhizome is known as femu ireng or temu hitam in Indonesia and has
been widely used as a traditional medicine in Asia. There have been many studies to reveal the
chemical content of Curcuma aeruginosa Roxb rhizome, some of which are influenced by the
isolation mellmd: Several separation and purification methods were identified including
essential oil extraction and y. This study aims to describe, analyze
and discuss the isolation methods of chemicals compounds Curcuma aeruginosa Roxb rhizome,
how the techniques influence the types and composition of the components and to examine
which compounds have potential biological activities. The method used for review articles is
explored several databases such as PubMed and Scopus to identify and download abstracts,
original articles, and research papers related to extraction followed by fractionation. isolation,
and chemical components of Curcuma aeruginosa Roxb. The inclusion criferia used were the
article year between 2010-2020, the part used for the study was the rhizome, there was a
discussion of isolation process, components that have been isolated and their biological activity
The exclusion criteria used were articles whose samples were only up to the extraction stage and
articles whose methods were unclear. Chemical compounds of Curcuma aeruginosa Roxb
rhizome can be carried out in various ways. including steam distillation, water distillation,
extraction, fractionation to isolation by 1ally column y
with elution gradient. Germacron is the most isolated and rm :eweml biological ac ies

Keywords: Curctma aeruginosa Roxb, Rhizome, Isolation, Chemical composition, biological
activity.

Introduction

Curewma aeruginosa Roxb has a broad geographical scope
in Indonesia. Traditionally. the part of Curcuma aeruginosa Roxb used
urcuma aeruginosa Roxb rhizome is used
to treat abdominal pain, obesity and rheumatism, asthma and cough.

as medicine is the rhizol

scurvy and mental disorders.' In the ancient Indone
Curcuma aeruginosa Roxb rthizome is used for
roundworms or pinworms, scal

mundmgemc‘. Iul growth mmmer”,

includes

s, sores, weight loss, postpartum or
menstruation problems and gout.” There are many benefits of Curcuma
aeruginosa Roxb rhizome based on several studies reported. These

In China. curcumenol and isocurcumenol is also found in the rhizome
of Curcuma aeruginosa Roxb plus other compounds such as
germacrone and curzerenone.'® Curcuma aeruginose Roxb rhizome is
also dnnlled to_obtain cnenml oils such as 18-cineole, camphor,
zedoarol,  and
filranogermenone.™ Each researcher performs the isolation of the
chemical composition of Cuercuma aeruginosa Roxb in various ways.
Methods used to obtain essential oils from Curcuma aeruginosa Roxb
can be hydro and steam distillation, but also other methods such as
microwave-assisted hydrodistillation or fractional vacuum liquid
chromatography. The choice of method for separating chemical
components from plants must pay attention to the properties of the

»
sian herb library,
the treatment of

antinociceptive ."

:cpellmt

6 to be separated. S «can be done by a simple method

A“Ihelllllmlc. uterine relaxant,' anti-i |nﬂ4mm4\nry‘ and anticancer.'
There have been many studies to reveal the chemical content of
Curcuma aeruginosa Roxb rhizome. Earlier research form Indonesia
conducted before 2000 revealed that compounds that were nnl:ned
from Curcuma  aeruginosa  Roxb  included ..emg.dmlq. then

1, P-cudesmol 1, curcione, and

. is
curcumenon in other research.
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:uch as liquid-liquid extraction and can be continued with more
i methods. If the in the sample are too many.
chromatographic techniques can be used. In addition to essential oils
isolated by distillation. several chemical components of Curcuma
aeruginosa Roxb thizome have been isolated by chromatographic
method. Although Curcuma aeruginesa Roxb is a rhizome that has
been used for a long time and has been widely researched, no one has
yet reviewed. This is important because the active compound in
Curcuma aeruginosa Roxb can be selected as a marker that has been
investigated for various biological activities. This study aims to discuss
the isolation method of Curcuma aeruginosa Roxb rhizome’: s chemical
p and bioactive p from each of the used

and see which compounds in Curcuma aeruginosa Roxb rhizome are
most potent against certain biological activities. Rhizome of Curcuma
aeruginosa Roxb has various activities in various forms, among others,
extracts, essential oils, and isolates. Each form has a different biological
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activity. Germacrone is an isolate from Curcuma aeruginosa Roxb
which has a lot of biological activity and is the most isolated

Materials and Methods

In this review, the authors explored several databases such as PubMed
and Scopus to identify and download abstracts, original articles, and
research papers related to extraction followed by

isolation, and chemical components of femu ireng (Curcuma
aeruginosa Roxb). The keywords used during the search for
information was Cureuma aeruginosa Roxb in the article title only. The
inclusion criteria used were the article year between 2010-2020, the
part used for the study was the rhizome. there was a discussion of
isolation process, components that have been isolated and their
biological activity. The exclusion criteria used were articles whose
samples were only up to the extraction stage and articles whose
methods were unclear.

Results and Discussions

Curcuma aeruginosa Roxb
Curcuma aeruginosa Roxb in the local language is known by several
names, including temu ireng (java), koneng hideung (Sunda), temu
ereng (Madura), dan temu irang (Sumatra), and temu hitam (Minang).
This plant comes from Burma, then spread to other tropical areas,
especially in Indonesia. Curcuma aeruginesa Roxb grows wild in teak
forests, in fields and in other places to a height of about 1750 m above
sea level. We-trunked plant, up 1 2 m high. The leaves are oval. The
flowers are white or slightly reddish white. The rhizome, when cut into
pieces, looks like a blue/grey circle. According to the cabe puyang
imherited from the ancestors' book, the rhizome of Curcuma aeruginosa
Roxb can be used for intestinal worms, :uhne:. ulcers, weight loss,
postpartum or menstruation problems and gout.* Meanwhile, Curcuma
aeruginosa Roxb rhizome is known as blue or grey like a ring when the
rhizome is split has been used as an anti-diarrheal and antifungal in
Indian medicine.'™" In Vle[ndm the rhizome of Cm(umu aemgz)mm
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Methads of extraction and purification

Based on the reviewed journals, essential oils are obtained by the
distillation method. Steam and hydro distillation are typical methods
used to extract essential oils from plant materials ** The principle of the
distillation method is based on the difference in boiling points for the
separation of liquids from a mixture so that the substance which has a
lower boiling point evaporates first. In one distillation cycle, the
mixture evaporates followed by a cooling process due to the presence
of a condenser and then liquid condensation. Liquids with a lower
boiling point will evaporate first. substances that have a higher boiling
point will evaporate later. The steam distillation method used for the
distillation of Curcuma aeruginosa Roxb rhizomes produced the largest
yield reaching 1.99% %" Meanwhile, the steam distillation method in
another article reviewed resulted in a low yield of only 0.19%."
Although both were carried out at the same duration, 6 hours, the
greatest yield was possible because the materials used were more and
fresh (Table 1). Fresh ingredients will produce a greater essential oil
yield than the powder form. Based on Table 1. the highest essential oil
yield was 1.99% and used for antibacterial and tecth biofilm
degradation tests. In this study, Curcuma aeruginosa rhizome essential
oil showed a higher potential as an antibacterial agent than stem and
leaves oil."" However, the yield of essential oil was more in Curcuma
aeruginasa Roxb rhizome and it was identified that 18-cineol (13%)
was the largest component. Tf] major components of essential il with
the steam distillation method were cyclmsulonglfulene 8,9-dehydro-9-
formyl (35.29%) and dihydrocostunolide (22.51%)° Steam di n
works by lowering the system pressure so that the distillation results are
far below the initial boiling point. Since the vapour is under pressure,
the temperature can be carefully adjusted to provide maximum
M In the steam

and opens a cavity where the essential oil is then evaporated. The steam
is cooled because there is a condenser attached so that a distillate in the
form of essential oil is produced in the upper layer.” In Table 1, it can
be seen that not only steam distillation is used to obtain essential oils
but also hydrodistillation (Table 1). Clevenger is a device used for
of water in the form of a long tube, at the end, the steam will

Roxb is also used in | medicine for anti gastric,
anti-inflammatory treatment.”
Based on research conducted on Curcuma aeruginosa Roxb in
Indonesia. the shape of the rhizome of Curcuma aeruginosa Roxb can
be divided into four different types_Rhizome type I is round in clusters,
type 11 is round spread Imnznnmll d type I1 is oval horizontally and
type IV is oval spread vertically ** Curcuma aeruginosa Roxb obtained
from 20 different locations in Indonesia showed differences in phenolic
content, flavonoid content and DPPH scavenging activity. This
difference indicate that the samples obtained from different locations
belong to different genetic groups. This diversity can be used in
breeding programs to produce quality and standardized Curcuma
aeruginosa Roxb® In another study, to dentify the best soure of
curcuminoid content from ten different locations fmm where Curcumea

condense and recover and the distillate, in the form of essential oil, is
removed from the top of the hydrosol. 2 The disadvantages of this
method are that a large amount of material is needed and the extraction
time is very long.” Based on Table 1, the yield of essential il with
hydro distillation is about 0.03 to 0.35%. This essel oil yield result
is smaller than essential oil yield by steam distillation. This may occur
because the ingredients used are less, although the distillation duration
is longer up 10 5 hour.™™ A study on T pallescens leaves showed that
the duration of hydrodistillation time affected the essential oil
composition and bioaci . However. |[ is still more efficient if the
essential oil is produced in a short time.” The largest yield of 0.35%
was produced by the hydrodi n method which used the highest
qmnllly of ingredients (3 kg) even though the duration of the
ion was only 5 hours. This is in stark contrast to the lowest yield

aeruginosa Roxb was grown under the same a
study was carried out at different locations. Beringharjo, (Jllnllng Kldul

because lhe Inwe“ yield also used as much fresh material (3 kg) with
d.

Muara Bungi and Pakem locations produce high
Therefore, for a commercial scale, this Curcuma aeruginosa Roxb
source_site should be chosen for future breeding programs that will
produf high curcuminoid compounds.” The Curcuma aeruginosa
Roxb rhizome has three different parts. They are: primary thizome
(PR), secondary rhizome (SR) and tertiary rhizome (TR). PR and SR
Curcuma aeruginosa Roxb are the most widely used parts for
treatment. Extraction of primary rhizome wnlé(]% ethanol has
antioxidant and cytotoxic activities and also contains secondary
metabolites such as tannins, triterpenoids, and saponins.® In another
of total phenolic Curcuma aeruginosa Roxb
rhizome ranged 2908 - 4692 mg GAE/g, and total flavonoids
ranged from 2131-3381 mg QE/g. Madura, Ciampea Bogor,
Beringharjo, Gunung Kidul, Klewer, and Pakem were the six accession
sampling locations that resulted in high yields of extracts, total
flavonoids, and total phenalics. Rhizome shape, rhizome fresh weight,
thizome dry weight, and number of shoots can be used as important
selection factors in breeding Curcuma aeruginosa Roxb to cbtain
extracts and high phenolic content.”

the ion process. which produces the highest i
i used in the are fresh, but the dry powder is
also used in the hydrodistillation process of Curcuma aeruginosa Roxb
thizome and produces 0.18% essential il yield™ better than the yield
of essential oils with fresh ingredients which produce 0.03% yield. " In
hydrodistillation of Curcuma aeruginosa Roxb rhizome, the results of
the identification of the major components were different for each
article. The main components identified were camphor (29.39%) and
germacrone (21.21%).” monoterpenes (2147%) in the form of f-pinen
and 1.8 cineol, 18-cineol (22.65%) and gern@rone (17.70%).
tropolone (18.1%) and eucalyptol (17.9%).° P-pinene (219%),
neocurdione (16.1%) and curcumol (152%).2

Fresh or dried plant parts that are not damaged by heating are
recommended using the method most frequently used,
hydrodistillation.”” Although wet and dry materials can be distilled by
water, the quality of material, and essential oil content after harvesting
are higher than those contained in the storage of materials at a certain
time and temperature.™®
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beta-pinene

Germacrone

camphor

eucalyptol

Figure 1: Chemical Structure of Major Compounds in Curcuma
aeruginosa Boxb Rhizomes

A methanol extract of Curcuma aeruginosa Roxb in one study was
separated by VLC with n-hexane mobile phase, followed by a gradient
mixture of n-hexane: ethyl acetate, and finally with MeOH and it
produced 17 fractions. The fractions that produced the same
chromatogram pattern after being identified by TLC were combined
and became 3 fractions G. H, L. The G fraction was continued to be
separated and purified by (Radial Chromatography) RC. (Column

) CC, and prep TLC and produced 1-10
compounds, whereas compounds 6-11 have never been reported in
black mice (Curcuma aeruginosa Roxb) or other species in the genus
Curcuma.™® Methanol extract, in another study, was fractionated with n-
hexane, chloroform, and ethyl acetate as solvents. After being tested,
the isolation activity was continued by isolating the compound from the
chloroform fraction. The chloroform fraction of Curcima aeruginosa
Roxb was separated and repeated by extensive chromatographic
purification, and the resulting compounds (1) and (2) were brown oils.’
‘Germacrone was again identified in ethanol extract in a study on the
isolation of compounds from methanel extract Curcuma aeruginosa
Roxb. Germacrone isolation is carried out through a very long stage.
The methanol extract was eluted using the isocratic method with n-
hexane, chloroform, ethyl acetate, acetone, and methanol solvents to
«obtain fractions 1-5 from each solvent. Based on the activity screening,
fraction 1 was continued to the isolation stage with VLC gradient
elution using n-hexane-ethyl acetate as mobile phase. The obtained
fractions 1-48 (n-hexane), fraction 49-54 (n-hexane:ethyl acetate, 9:1),
fraction 55-58 (n-hexane:ethyl acetate, 8: 2), fraction 59-62 (n-
hexane:ethyl acetate, 5:5) and 63—68 (cthyl acetate). From the 68
fractions produced. the chromatogram pattern was tested by TLC, the
same fractions were collected and subfractions 1 to 5 (SF1-5) were
produced. After being tested again for activity, SF 3 was the most
potent so that it proceeded to the crystallization stage from n-hexane
into a colorless rod-shaped crystal, germacrone which is a
sesquiterpene.® The methanol extract produced from ultrasonic
extraction was also separated using a chromatography column but
previously separated by LLE (liquid liquid extraction). The viscous
extract was partitioned with LLE to give |he water fraction, n-hexane
fraction, and | The fraction was
separated by elution gradient column chromatography with n-hexan
ethyl acetate as mobile phase, then with dichloremethane: methanol to
produce D1-8 fractions. The D1 fraction was separated into DIA-D1D
by isocratic elution using the mobile phase n-hexane: dichloromethane
(50:1) and then n-hexane: ethyl acetate (20:1). The subfraction of DIB
was separated into DIB1- DIB3 by acetone: water (3:1) mobile phase
chromatography column. Purification of the DIB1 fraction produced
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isolates (1), (2). and (4). By column chromatography using n-hexane:
ethyl acetate (50:1) as mobile phase, the D1D subfraction was separated
into DIDI-DID4. Purification of the DID2 fraction chromatography
with the hot phase ﬂf Methanol: water (4:1), followed by n-hexane:
ethyl acetate (50: I) " In all the articles that discussed the isolation of
compounds from the rhizome of Curcuma aeruginosa Roxb,
sesquiterpenes are the compounds that can most often be isolated and
identified. However, other studies have succeeded in isolating

p other than Initially, the lic extract
was partitioned with n-hexane and ethyl acetate with LLE. The ethyl
acetate fraction was continued to separate the compounds in it by
column chromatography with an elution gradient using n-hexane: ethyl
acetate as the mobile phase followed by 100% methanol so that 14 A-N
subfraction was obtained and finally flavone compounds were
obtained " The bioassay-guided isolation is used in the process of
isolating active compounds in natural materials by combining solvent-
solvent partitioning and column chromatography and then testing its
biological activity from all fractions until the isolates are obtained.
Bioassay- guided isolation is also defined as a protocol for isola
pure chemicals of natural erigin by fractionation with blcmmy
guidance, full stop which means separation step-by-step based on
differences in physico-chemical properties and carrying out act
tests on the results of the separation, followed by the next separation
and testing stages. Only the active fraction was fractionated and
to further tests.”  Sesquiterpene  compounds
i In all the isolation processes of
Curcuma aeruginosa Roxb thifmes. the mobile phase which is widely
used in gradient separation is n-hexane: ethyl acetate and n-hexane and
dichloromethane are used in a gradient up to 100% methanol. Almost
all of the separation processes listed in Table 2 produce sesquiterpene
germacrene compounds. Germacrone is included in the sesquiterpenes
compound which has the most potent activity when tested in several
biological activities such as antiandrogenic aci > hair growth
promoter’ and antinociceptive.® On the contrary, the isolate has a lower
activity than the extract.' Apart from germacom, in the reviewed
article there was a new lactone sesquiterpenes activity from Curcuma
aeruginosa Roxb, namely acruginon and curcumeron which were
isolated from the chloroform fraction of Curcuma aeruginosa Roxb
which had not toxic to T-47D. Vero cells and Hela S3 (IC50>
500pg/mL) and low cytotoxic activity against Ca-ski and MCE-7 (IC50
<100ug / mL)." Some of the major compounds that were isolated and
potent in several actiyities, are shown in Figure |

Biological activities of Curcuma aeruginosa Roxh

Rhizome of Curcuma aeruginosa Roxb has various activities in various

forms, among others, in the conditions of extracts, essential oils, and

isolates. For the condition of the extract, has been studied:

a. Anthelmintic activity by calculating the time of death of F.
gigantica and histopathological studies. Curcuma aeruginosa
Roxb extract had an effect on worm death within 75, 57, and 48
minutes. Based on histopathology, Curcuma aeruginosa Roxb
extract was the cause of tegument damage. Tegument is an
impr_,mmnﬂrgan in the process of respiration and abserption of
nutrients

b. Curcuma aeruginosa Roxb rhizome with Morinda cirrifolia frait
show potency as anti-inflammatory agents based on inhibition in
LPS-induced RAW 264.7 cells.”

c Curcuma aeruginosa Roxb extract was reported as a new natural

carried out, the decrease in spasmolytic activity in guinea pig
tracheal tone due to the extract had better results and had a
significant difference with the negative control (p=0.022)."

d. The cytotoxic effect of mema uerugz‘rmm Roxb extracts
assessed by 3-[4 J-2.5-diphenyl i
bromide (MTT) assay 4( 200 g/mL w.n 12.1 = 2.9, Curcuma
aeruginosa Roxb showed apoptotic cells 577 % 3.1% using
CytoTox-ONE™ assay.'®

e Cureuma aeruginosa Roxb has been studied and reported to have
arelaxing effect on uterine muscles. The extract was reported o
inhibit contraction in the presence of induced oxytocin, so the
extract could be used as a tocolytic agent to prevent premature
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© 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License




Trop J Nat Prod Res. October 2022; 6(10): 1538-1546

birth. The extract is also able to inhibit contraction due to
induction by PGF2, so the extract can also be used for the
treatment of dysmenorrhea. Based on other supporting studies.
The rhizome of Curcuma aeruginosa Roxb contains alpha-pinene
and sesquiterpenes."

f. Antiobesity via lipase inhibitor using porcine pancreatic lipase
(PPL) enzyme. Curcuma aeruginosa Roxb has lipase inhibitor
activity of 296 +0.29% %

In the form of essential oil, Curcuma aeruginosa Roxb has several

ivities ., including:

a. The antimicrobial activity of Curcuma aeruginosa Roxb essential
oil using disc diffusion and micro dilution methods was tested
against  several microbes  including  Bacillus  cereus,

Staphylococcus — aurens,  Escherichia  coli,  Pseudomonas
aeruginosa, Candida albicans and Cyprococcus neofarmans.
Curcuma aeruginosa_Roxb oil exhibits mild antimicrobial
activity. Based on the e ntification data of compounds in the oil ,
cycloislongifoline,  8.9-dehydro-9-formyl ~ (35.20%),  and
dihydrocostunolide (22.51%) were the main compounds in
Curcuma aeruginosa Roxb oil. *

b Curcuma aeruginosa Roxb rhizome essential oil has antibacterial
activity against the growth of §. mutans. The essential oil of the
rhizome of Curcwma aeruginosa Roxb showed higher
antibacterial activity than the essential oil from stems and leaves
with a minimum i itory power of 15.63. Oil from Curcuma
aeruginosa Roxb rhizome can be used as an antibacterial agent in

of or P to

prevent dental caries.”
< Curcuma aeruginosa Roxb essential oil has cytotoxic activity
against brine shrimp and MCF-7. The cylotoxic activity o
Curcuma  aeruginosa Roxb essential oil [ffas lower than
ici ding to the i of the essential oil
of Curcuma aeruginosa Roxb rhizome, the main compounds
were curcumol (3.7%). eucalyptol (17.9%), and tropolone
(18.1%).%
Apart from extracts and essential oils, Curcuma aeruginosa Roxb
isolates have also been tested for various activities. Germacrone is an
isolate that has been tested for various biological activities. Extraction
with n-hexane Curcuma aeruginosa Roxb. fractionated by rapid
column chromatography with elution gradient using n-hexane:
dichloromethane as mobile phase followed by another elution gradient
with dichloromethane as mobile phase to methanol. The fraction
obtained from the separation by column chromatography was dissolved
in an evaporator and crystallized with n-hexane at 4° C. White
germacron crystals were produced after two recrystallizations with
methanol.” Germacrone has superior activity compared to other
compounds in the rhizome of Curcuma aeruginosa Roxb on several
biological activities such as antiandrogenic.’ hair growth promoter,’
antinociceptive.* and anticancer.”

‘Conclusion

Isolation of the chemical components of Curcuma aeruginosa Roxb
rhizome can be carried out in various ways, including steam distillation,
water is tall to isolation by
1y, especially column with elution
gradient. The essential oil yield range (from distillation) is 0.03 t©
1.99%. The chemical composition of the essential oil distillation is a
monoterpene with the highest percentages being 1.8-cineol and f-
pinene. Meanwhile, eucalyptol which is a synonym for 1,8-cineol was
also detected as a major The i p
identified with the highest percentage was germacrone. The essential
oil from the hydro and steam distillation of Curcuma aeruginosa Roxb
has the potential for several biological ac ies such as antimicrobial ,
i ial-biofil i skin, a hair growth
promoter, and cytotoxicity effect. Germacrone isolated from the
thizome of Curcuma aeruginosa Roxb is also a potent isolate with
several biological ac such as anti androgenic activity, hair
growth promoter, and antinociceptive. From the review of the articles.
it is not possible to obtain data on compounds that are truly unique in
Curcuma aeruginosa Roxb as an analytical marker compound.
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