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ABSTRACT

Zerumbone, a monocyclic sesquiterpene compound predominantly
found in the rhizomes of lempuyang (Zingiber aromaticum), exhibits diverse
biological activities including anticancer, antibacterial, anti-inflammatory,
immunomodulatory, hepatoprotective, and gastroprotective effects. This

R?ﬁr;zi};?yl;ilngaut or study presents an optimized method for isolation, characterization, and
purity analysis of zerumbone from the ethanolic extract of Z. aromaticum. The
Email: isolation process employed column chromatography with a gradient eluent

system (n-hexane:ethyl acetate in ratios of 19:1 and 9:1) to separate
compounds based on polarity differences. The extract and fractions were
monitored using thin layer chromatography (TLC) under UV light at 254 nm
and 366 nm. Characterization of isolated zerumbone was performed using
multiple spectroscopic techniques, including TLC against reference standard,
UV-Vis  spectrophotometry, infrared (IR) spectroscopy, liquid
chromatography-mass spectrometry (LC-MS/MS). The purified isolate
demonstrated a yield of 11.2%, representing a significant improvement over
previously reported methods (0.87-2.26%). TLC analysis with three different
solvent systems consistently showed single spots, confirming high purity. UV-
Vis analysis revealed maximum absorption at 252 nm, identical to the
zerumbone standard. LC-MS/MS analysis identified a molecular ion peak at
m/z 219.26 [M+H]* with matching retention time and fragmentation pattern
to the reference standard. IR spectroscopy identified functional groups
characteristic of zerumbone, such as carbonyl and double-bond stretches.
This efficient isolation method, yielding a highly purified compound,
demonstrate its potential to support zerumbone’s application in
pharmaceutical development.
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INTRODUCTION
Zerumbone (2,6,9,9-tetramethyl-
[2E,6E,10E]-cycloundeca-2,6,10-trien-1-one) is a

al,, 2001). The therapeutic potential of zerumbone
has attracted considerable attention in recent
years. Its anticancer properties are particularly

monocyclic sesquiterpene belonging to the terpene
group with significant bioactive properties (Ahmad
et al, 2023). Structurally, zerumbone features
three double bonds: one isolated at the C-6 position
and two within the dienone system at the C-2 and
C-10 positions, with the C-10 double bond cross-
conjugated with a carbonyl group, forming an 11-
membered ring. This hydrophobic compound
possesses a characteristic bitter taste (Kitayama et

noteworthy, with studies demonstrating its anti-
angiogenic effects through the inhibition of
thymidine phosphorylase with an 1Cso value of 230
UM and the generation of reactive oxygen species
(ROS) in lung cancer cells (Albaayit & Maharjan,
2018). Additionally, zerumbone targets key
proteins involved in cancer progression, including
AKT1 and MDM2, showing promising efficacy
against colorectal cancer (Fauziyya et al,, 2023). Its
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suppression of cell migration and invasion via
multiple signalling pathways further highlights its
potential as a cancer therapeutic agent (Jamil et al.,
2023). Beyond its anticancer properties,
zerumbone exhibits remarkable skin-lightening
properties due to its anti-melanogenic activity.
Clinical trials have shown a substantial reduction in
melanin levels after just one week of topical
application, with no reported adverse effects (Kuek
et al, 2024). Furthermore, zerumbone
demonstrates potent anti-inflammatory
properties, reducing inflammatory cytokines and
oxidative stress markers in conditions such as
rheumatoid arthritis (Alsaffar et al., 2023) and
promoting macrophage polarization toward the
protective M2 phenotype (Yeh et al., 2022).

Zerumbone is predominantly distributed in
lempuyang species belonging to the Zingiberaceae
family, with Indonesia recognized as one of the
primary regions where these plants are widely
found. Several species have been identified as
important natural sources of zerumbone, including
Zingiber amaricans BL (locally known as
lempuyang emprit), Zingiber aromaticum Vahl
(lempuyang wangi), and Zingiber zerumbet (L.)
(lempuyang gajah), each exhibiting distinct
morphological characteristics. Lempuyang emprit
is characterized by relatively small, yellow-colored
rhizomes with a pronounced bitter taste, whereas
lempuyang wangi possesses whitish rhizomes with
a notable aromatic fragrance. In contrast,
lempuyang gajah produces the largest rhizomes
among the three species, which are typically yellow
in color and more robust in appearance (Sutardi et
al,, 2015). These plants are generally characterized
by a relatively short life cycle, typically lasting
approximately one year, and by the presence of
pseudo-stems that are formed from tightly
overlapping leaf sheaths rather than true woody
stems. In addition, the leaves are arranged
alternately along the pseudo-stem and are
elongated to oval in shape, with a green coloration,
pointed apices, and smooth, entire margins. The
flower clusters, which emerge from the
underground portion of the stem, are typically
green or reddish-green (Wahyuni et al., 2013).

The rhizome is the most valuable part of the
lempuyang plant, traditionally used to treat various
conditions including stomach discomfort,
respiratory ailments, colds, intestinal
inflammation, nerve weakness, and as a blood
enhancer and appetite stimulat. Rich in bioactive
compounds such as essential oils, saponins,
flavonoids, and tannins, the zerumbone contains
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zerumbone as its primary constituent, with
concentrations ranging from 36% to 49% in
extracts and essential oils of lempuyang wangi.
Other significant compounds include a-humulene,
humulene oxide, B-endemol, B-selinene, linalool,
12-oxabicyclo, caryophyllene oxide, 3-octadecyne,
hexadecenoic acid, and 3-octyne 5-methyl
(Wahyuni et al,, 2013).

Various techniques have been employed for
zerumbone isolation, including vacuum liquid
chromatography (VLC) from Z. zerumbet (Hanwar
etal., 2013), column chromatography using with n-
hexane : ethyl acetate (10.0-7:3 ratios) from Z
aromaticum (Akhtar et al., 2019), and overnight
crystallization with n-hexane (Noor & Sirat, 2016).
However, these methods present limitations: VLC,
while efficient under low pressure, lacks accuracy
in separating structurally similar compounds and
typically requires further purification; n-hexane
crystallization, though straightforward, yields poor
results due to incomplete precipitation; and
previous column chromatography procedures,
despite their effectiveness, utilized solvent ratios
that produced relatively low percentages of pure
zerumbone (<£2.26%). This study addresses these
limitations by presenting an optimized column
chromatography technique for isolating higher
amounts of pure zerumbone. Our approach
emplyes specific gradient ratios of solvents (n-
hexane:ethyl acetate, 19:1 and 9:1) to maximize
compound separation based on polarity
differences. During elution, compounds with lower
affinity for the stationary phase elute first, followed
by those with higher affinity, resulting in a more
efficient purification process (Nugroho, 2017).
Additionally, our method incorporates a cold
ethanol washing step to increase the final isolate’s
purity.

The development of this improved isolation
technique is particularly timely given the growing
interest in zerumbone derivatives, which have
demonstrated enhanced biological activity
compared to zerumbone itself. Certain derivatives
exhibit stronger interactions with key proteins,
including XIAPBIR3, AKT1, JAK2, HSP90AA, MDM2,
and XIAPBIR2, with Compound 4 showing
particular promise due to its lowest binding energy
against AKT1 (Fauziyya et al,, 2023). The continued
development and production of these derivatives
require a higher yield of pure zerumbone,
underscoring the importance of an improved
isolation process to ensure sufficient raw material
supply for further pharmaceutical studies and
applications.
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MATERIALS AND METHODS
Zerumbone isolation

Zingiber aromaticum extract was obtained
from PT. Lansida Group. The extract was prepared
by macerating the rhizome powder with 70%
ethanol in a ratio of 1:5 (powder:ethanol).
Reference standard zerumbone was purchased
from Sigma Aldrich. Fractionation was performed
using 5 grams of Z. aromaticum thick extract for
each cycle, with the process repeated three times.
The extract was initially dissolved in acetone and
impregnated onto silica gel 60 (70-230 mesh
ASTM) in a 1:1 ratio. The impregnated sample was
then loaded into a chromatography column (4 cm
diameter) with a sample-to-stationary phase ratio
of 1:30. The column was packed using the wet
method with n-hexane as the solvent.

The fractionation process involved two
distinct elution steps using different solvent
mixtures. In the first step, a total of 800 mL of n-
hexane : ethyl acetate (19:1) was passed through
the column to elute the initial fractions. Once the
first elution was completed, a second elution was
carried out using 400 mL of a new solvent mixture,
n-hexane:ethyl acetate (9:1), to continue the
separation process. The eluates obtained from both
elution steps were collected in fractions and
allowed to stand at room temperature until the
solvents evaporated (Haque et al., 2018). The main
goal of this step was to separate compounds based
on their polarity. The first eluent, was used to elute
less polar compounds, while the second eluent,
targeted slightly more polar compounds. The
resulting isolates from the fractionation process
were washed with cold 96% ethanol to ensure
purity.

Extract monitoring

The extract was monitorid using TLC to
determine the optimal solvent system for column
chromatography. The concentrated extract was
spotted onto silica gel-coated TLC plates (F254).
The plates were developed using various solvent
mixtures: n-hexane : ethyl acetate (19:1), n-
hexane:ethyl acetate (9:1), n-hexane:ethyl acetate
(8:2), and n-hexane:ethyl acetate (7:3). Developed
plates were examined under UV light at
wavelengths of 254 nm and 366 nm (Haque et al,,
2018).

Fraction monitoring

The zerumbone compound was isolated
through column chromatography, using silica gel
60 as the stationary phase. The column was packed
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by the wet method with n-hexane as the solvent,
maintaining a sample-to-stationary phase ratio of
1:30. The concentrated extract, dissolved in
acetone and mixed with silica gel 60 at a 1:1 ratio,
was then applied to the column. The fractionation
process involved a gradient elution system with
three sequential eluents to achieve effective
separation. First, 200 mL of 100% n-hexane was
passed through the column to elute non-polar
compounds. This was followed by 800 mL of n-
hexane:ethyl acetate (19:1), and finally, 500 mL of
n-hexane:ethyl acetate (9:1) was used to elute
more polar compounds. Each eluent was applied
sequentially, and the eluates were collected in vials
and left to evaporate at room temperature,
resulting in the formation of crystals at the bottom
of the vials. The two-step fractionation process is
crucial for achieving a more precise separation of
compounds with similar chemical properties. In the
second step, three different eluents are used
sequentially with increasing polarity. The use of
these three eluents allows for more effective
separation based on the varying polarity of the
compounds. This step is more selective, as
progressively more polar solvents are used in a
controlled manner to separate compounds with
similar chemical characteristics, ultimately
resulting in purer isolates.

The crystals obtained from each elution step
were monitored using TLC to confirm the presence
of zerumbone. The TLC analysis was performed
using n-hexane:ethyl acetate (9:1) as the eluent,
and the plates were observed under UV light at 254
nm and 366 nm. Additionally, the plates were
sprayed with 10% H2SOs4 reagent to enhance
visualization of the separated compounds. After
monitoring, the crystals were washed with cold
ethanol 96% to obtain purified zerumbone crystals
(Haque et al., 2018).

Identification, characterization,
assessment

The isolate was identified and characterized
through TLC and UV-Vis spectrophotometry. For
TLC identification, both the isolate and zerumbone
reference standard were analyzed using n-hexane :
ethyl acetate (9:1) as the eluent. Identification was
confirmed when the isolate and reference
compound showed identical Rf value (Haque et al,,
2018). The purity of the isolate was assessed using
TLC with three different solvent systems: n-
hexane:ethyl acetate (19:1), n-hexane:ethyl
acetate:ethanol (18:1:1), and ethyl
acetate:methanol (95:5). The TLC plates were

and purity
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examined under UV light at 254 nm and 366 nm. A
single spot observed in each solvent system
indicated purity the isolate.

UV-visible spectroscopy

UV-Vis spectrophotometric analysis was
perfomed using a Thermo Scientific, Genesys 150
840-300000 spectrophotometer. The isolated
crystals and zerumbone reference standard were
dissolved in methanol, and their absorbance
profiles was measured over a wavelength range of
200-800 nm (Lallo et al., 2018). Comparison of the
absorption maxima and spectral patterns between
the isolate and reference standard provided
confirmation of compound identity and assessment
of purity.

Liquid chromatography-tandem
spectrometry (LC-MS/MS)

LC-MS/MS analysis was performed using a
Thermo HPLC DIONEX ULTIMATE-TSQ Quantum
Access MAX Triple Quadrupole Mass Spectrometer.
Chromatographic separation was achieved on a
Hypersil GOLD™ C-18 Selectivity HPLC column
(Thermo Scientific). The mobile phase consisted of:
water with the addition of 0.1% formic acid
(solvent A) and acetonitrile with the addition of
0.1% formic acid (solvent B).

The sample was prepared by dissolving 5 mg
of isolate in 5 mL of HPLC-grade methanol and
filtering through a 0.22 pm 51 nylon filter. The
injection volume was 2 pL, with a retention time of
10 minutes. Mass spectrometric analysis was
conducted in positive ionization mode (MS+)
(Parasuraman et al., 2014)

mass

Infrared spectrophotometer (IR)

IR analysis was conducted using a Shimadzu
FTIR IRSPIRIT-T with QATR-S and Dehumidifier.
For sample preparation, about 2 mg of zerumbone
isolate was ground with 98 mg of potassium
bromide (previously dried for 24 hours at 105° C).
The background was established using potassium
bromide, and the sample was analyzed across a
wave number of 4000 cm to 400 cm-1, Zerumbone
characterization was based on distinctive
absorption peaks at 2963 cm™ C-H stretch and
1650 cm™ (C=0 stretch), with a margin of error of
+0.5 for each value (Sulistyani, 2017). These
specific absorbtion patterns correspond to the
functional groups present in the zerumbone
structure and serve as a fingerprint for
identification.
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Data analysis

Identification of zerumbone was established
through comparison of TLC Rf values, UV-Vis
spectra, IR absorption patterns, and LC-MS/MS
fragmentation profiles with those of the reference
standard. Purity was determined based on the
presence of a single spot in multiple TLC solvent
systems, consistent spectroscopic profiles, and
absence of significant impurity peaks in the LC-
MS/MS analysis. All experiments were performed
in triplicate to ensure reproducibility of results.

RESULTS AND DISCUSSION

This study focused on isolation and
characterization of zerumbone from Z. aromaticum
rhizomes. The analysis encompassed yield
percentage, organoleptic  properties, TLC
fractionation patterns, as well as spectroscopic
characterization using UV-Vis, IR, and LC-MS/MS
techniques.

Percentage yield

Zerumbone was isolated from from Z
aromaticum extract an optimized column
chromatography method. The fractionation
process employed a gradient mobile phase
consisting of n-hexane and ethyl acetate in ratios of
19:1 and 9:1. The yield was -calculated by
comparing the final weight of the isolate with the
initial weight of the extract and then multiplying by
100% (Dewatisari et al, 2018). After three
repetitions, we obtained 0.56 grams of pure
zerumbone from 5 grams of extract, corresponding
to a yield of 11.2%. This represents a significant
improvement compared to previous studies that
reported yields of 0.87% (Akhtar et al,, 2019) and
2.26% (Noor & Sirat, 2016) achieved using the
unmodified method. The active compound
zerumbone shows significant potential for
development as a candidate for cancer
therapeutics. As there are no prior reports on the
synthetic process of zerumbone, various studies
have already carried out modifications and
optimizations to achieve high zerumbone yield, but
none have a yield as high as ours (Kaur et al,, 2025).
This modification study to the isolation procedure
and the substantial improvement in yield provide
crucial information for obtaining zerumbone
isolate from its plant source. Moreover, the
improved efficiency demonstrated in this study can
serve as a practical reference for future large-scale
isolation strategies aimed at supporting
downstream pharmacological investigations.
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Organoleptic properties

The isolated zerumbone exhibited
organoleptic characteristics that were consistent
with those of the reference zerumbone standard
(Figure 1). In terms of appearance, the isolate was
obtained in the form of a transparent crystalline
powder. Upon visual examination under ambient
lighting conditions, the crystals displayed a faint
yellowish hue, which was clearly observable and
comparable to the standard material.

Figure 1. Isolated crystal of zerumbone

Extract monitoring

Initial extract monitoring was conducted
using TLC with four different mobile phase
compositions: n-hexane and ethyl acetate in ratios
of 19:1, 9:1, 8:2, and 7:3. This initial screening
allowed rapid identification of solvent systems
capable of resolving the target compound
effectively. The differences in Rf values across
mobile phases also provided insight into the
polarity-dependent behavior of the analytes within
the extract. Visualization under UV light at 254 nm
and 366 nm revealed varying Rf values across the
different mobile phases. The Rf values were 0.2 for
the 19:1 ratio (matching the standard zerumbone),
0.49 for the 9:1 ratio, 0.68 for the 8:2 ratio, and 0.85
for the 7:3 ratio. The Rf values obtained with the
19:1, 9:1, and 8:2 mobile phases were within the
optimal range of 0.2-0.8, making these solvent
systems suitable for further analysis.

Fractionation monitoring

The fractions collected during column
chromatography were monitored TLC with n-
hexane and ethyl acetate (9:1) as the mobile phase.
This monitoring step ensured consistent tracking
of compound distribution across the eluates and
helped identify  fractions with  similar
chromatographic behavior. Visualization under UV
light at 254 nm showed that fractions 13-20
contained a single spot with an average Rf values of
0.5. The presence of asingle, well-defined band in
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these fractions also indicated a high degree of
preliminary purity. Comparison with the standard
zerumbone confirmed that these factions
contained the target compound, as evidenced by
the identical Rf values and spot characteristics
(Dash et al, 2021). These fractions were
subsequently combined for further purification and
characterization.

Purity and identity confirmation
Thin layer chromatography (TLC)

The purity of the isolated zerumbone was
evaluated using TLC with three distinct eluent
systems of varying polarities: n-hexane:ethyl
acetate (19:1), n-hexane:ethyl acetate:ethanol
(18:1:1), and ethyl acetate:methanol (95:5). The
use of eluents with gradually increasing polarity
allowed evaluation of how the compound migrated
under different separation conditions, helping
reveal any impurities that might travel alongside it.
A single spot was observed in each system, with Rf
values of 0.21, 0.41, and 0.7, respectively. The
consistent migration pattern across these solvent
systems further supports the absence of interfering
compounds within the isolate. The presence of a
single spot across three different sovents
systems with distinct polarities indicates the high
purity of the isolated compound (Claudea & Yuswi,
2017).

The identity of the purified isolate was
confirmed by comparing it with the zerumbone
standard using TLC with n-hexane : ethyl acetate
(9:1) as the mobile phase. Both the isolate and the
standard exhibited spots at the same Rf value of
0.45, confirming the identity of the isolated
compound as zerumbone. This confirmation step
reinforces the reliability of TLC as a rapid and
effective method for verifying compound identity
during the isolation workflow.

UV-Vis spectrophotometry

UV-Vis  spectrophotometric  analysis
displayed overlapping absorption spectra between
the isolate and the zerumbone standard, with both
exhibiting maximum absorption at 252 nm
(Figure 2). This finding aligns with previous
research, which reported the characteristic
maximum absorption of zerumbone at 252 nm
(Suhartati, 2017). The resemblance in both spectral
profile and peak intensity provides additional
confirmation that the isolate shares the same
structural characteristics as the reference
compound. This agreement in UV absorption
patterns further verifies the presence of the
chromophoric groups typical of zerumbone.
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Figure 3. UV pectra of the isolated compound and
zerumbone

Infrared spectroscopy (IR)

Infrared spectroscopy was employed to
identify the functional groups present in the
isolated compound. The IR spectra of the isolate
and the zerumbone standard showed nearly
identical patterns (Figure 3), particularly in the
fingerprint region. Zerumbone was characterized
as a sesquiterpene with an a, 3-unsaturated ketone
group. IR spectra of zerumbone showed significant
bands at 2958.8 cm™ and 2923.9 cm™! for sp3 C-H
stretching, 1658.6 cm™ for the conjugated C=0
group, and 1735.6 cm™ fora C = C bond (Kaur et al,,
2025). In this study, both standard and
isolate showed spectra exhibited characteristic
absorption bands at 2963 cm-! for CH sp3 and 1650
cm! (C=0 carbonyl group of a,B-unsaturated
ketone). These spectral features correspond to the
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known molecular structure of zerumbone (Bayu et
al, 2019; Noor & Sirat, 2016). The overlapping
spectra in the fingerprint region provide further
evidence of the isolate’s identity and purity.

LC-MS/MS Analysis

LC-MS/MS analysis provided definitive
confirmation of the identity and purity of the
isolated compound. The chromatograms of both
the isolate and the zerumbone standard showed
peaks at the same retention time of 2.04 minutes
(Figure 4a), indicating the presence of the same
compound. The alignment of retention times
suggests comparable interactions with the
chromatographic column, which is characteristic of
identical molecular structures. In addition, the
mass spectra generated from both samples
exhibited matching molecular ion patterns,
supporting the conclusion that the isolate
corresponds to zerumbone. The absence of
additional significant peaks further reinforces the
high purity of the isolated compound.

The mass spectra of both samples revealed
identical m/z values of 219.26 g/mol (Figure 4b).
While the molecular weight of zerumbone is 218.3
g/mol (Rahman et al, 2014), the observed m/z
value of 219.26 g/mol can be attributed to the
addition of one proton ([M+H]*) in the positive
ionization mode used during analysis. Positive ion
mode was highly effective for detecting this
sesquiterpene compound, confirming that these
conditions are crucial for analyzing similar
phytochemicals (Aldholmi, 2024; Vasas et al,
2021). Furthermore, the fragmentation pattern of
the isolate showed a base peakatm/z 109.12 and a
parent peak at m/z 219.14. When subjected to a
fragmentation energy of 20 electron volts, the
resulting  pattern  closely = matched the
reference spectrum from mzcloud.org, providing

additional confirmation that the isolate is
zerumbone.
CONCLUSION

The successful isolation zerumbone

from Zingiber aromaticum extract with a yield
of 11.2% represents a significant improvement
over previously reported methods. This
increased efficiency can be attributed to the
optimized gradient elution strategy employed
in our column chromatography procedure.
Additionally, the cold ethanol washing step
further increased the purity of the final isolate.

173



RT: 0.00 - 10.00

L

2.37€6

953 Base Peak F +
cESIQIMS

903 [150.000-

853 230.000) MS
standarOKScan

803 MS+

Relative Abundance

BESEEEEESES

iR
o
£

A28 ST 519 566 60 683 14 7.59 838 8BS 890

Riri Fauziyya

RT: 0.00 - 10.00
1005 L
953

80 ‘ sampeiscanMS
2

T T T T T T T T
1 2 3 1 s & 7 8 L]
Time {min)

— 21926

Relatve Abundance
G 0 s 0 0 0 O P P P P P

22027

151.20

aqm B B

20818 99924
15220 17721 18277 |, Jz1208

163.18 169,19 19219 197.74 20327

22128 506 0y

T T T T
1 2 3 4 s 6 7 8 9

21926

Relative Abundance

22026

103 151.19

3 | 15210 16318 167.08 17721 1ss12_ 19124 20124 20811 21124 2125 28 g0
T = e -

T
180 170 180 190 200 210 220
miz

230

™7
150 160 170 180 190 200 210 220 230

miz

Figure 4. LC-MS/MS of zerumbone standard and isolate. (a) Chromatogram LC-MS/MS for zerumbone
standard (left) and isolate (right), (b) Mass spectra of zerumbone standard (left) and isolate (right)

The identity and purity of the isolated
zerumbone were comprehensively confirmed
through various analytical techniques such as TLC,
UV-Vis, IR spectroscopy and LC-MS/MS. These
findings not only validate the effectiveness of the
optimized isolation workflow but also provide a
practical and reproducible approach for obtaining
high-purity zerumbone from its natural source.
Moreover, the improved yield and purity achieved
in this study enhance the feasibility of producing
zerumbone in sufficient quantities for subsequent
pharmacological and preclinical evaluations.
Overall, the proposed isolation strategy may serve
as a valuable reference for future studies aimed at
large-scale isolation and utilization of zerumbone
as a bioactive compound.

ACKNOWLEDGMENTS

This study was supported by Sumatera
Institute of Technology Research Grant 2023, No.
631s/1T9.2.1/PT.01.03/2023.

CONFLICT OF INTEREST

The authors declare no conflict of interest
that might influence this study.

174

REFERENCES

Ahmad, N.U., Nordin, M. F. M., Mokhtar, N., Wahab,
I. M. A, Mohamad, M., Liong, T. K., & Amir, S.
N. K M. (2023). Zingiber zerumbet:
Pharmacological Values of Zerumbone and
the Extraction Technology Evolution. Jurnal
Teknologi (Sciences & Engineering), 85(2),
21-30.
https://doi.org/10.11113 /JURNALTEKNOL
0GIL.V85.18913

Akhtar, N. M. Y., Jantan, L, Arshad, L., & Haque, M. A.
(2019). Standardized ethanol extract,
essential oil and zerumbone of Zingiber
zerumbet rhizome suppress phagocytic

activity of human neutrophils. BMC
Complementary and Alternative Medicine,
19(1), 331.
https://doi.org/10.1186/S12906-019-
2748-5/TABLES/4

Albaayit, S. F. A, & Maharjan, R. (2018).
Immunomodulation of zerumbone via

decreasing the production of reactive
oxygen species from immune cells. Pakistan
Journal of Biological Sciences, 21(9), 475-
479.

https://doi.org/10.3923/P]BS.2018.475.47

Volume 37 Issue 1 (2026)



Claudea,

Zerumbone Isolated from Zingiber Aromaticum

9

Aldholmi, M. (2024). Method development and

validation for the extraction and
quantification of sesquiterpene lactones in
Dolomiaea costus. Ultrasonics
Sonochemistry, 111, 107128.
https://doi.org/10.1016/].ULTSONCH.2024
.107128

Alsaffar, R. M., Alj, A, Rashid, S. M., Ahmad, S. B,

Alkholifi, F. K., Kawoosa, M. S., Ahmad, S. P,
& Rehman, M. U. (2023). Zerumbone
Protects Rats from Collagen-Induced
Arthritis by Inhibiting Oxidative Outbursts
and Inflammatory Cytokine Levels. ACS
Omega, 8(3), 2982-2991.
https://doi.org/10.1021/ACSOMEGA.2C05
749

Bayu, A, Nandiyanto, D., Oktiani, R., & Ragadhita, R.

(2019). How to Read and Interpret FTIR

Spectroscope of Organic Material.
Indonesian  Journal of Science and
Technology, 4(1), 97-118.

https://doi.org/10.17509/ijost.v4i1.15806
N, & Yuswi, R. (2017). Ekstraksi
Antioksidan Bawang Dayak (Eleutherine
palmifolia) Dengan Metode Ultrasonic Bath
(Kajian Jenis Pelarut Dan Lama Ekstraksi)
(Extraction of antioxidant from Dayak onion
(Eleutherine palmifolia) using ultrasonic
bath method [Study of solvent type and
extraction time]). Jurnal Pangan dan
Agroindustri, 5(1), 71-79.
https://jpa.ub.ac.id/index.php/jpa/article/
view/499

Dash, B, Ray, A, Sahoo, A, Jena, S, Singh, S., Kar, B,

Patnaik, ]., Panda, P. C., Mohanty, S., & Nayak,
S. (2021). Quantitative and chemical
fingerprint analysis for quality control of
Zingiber zerumbet based on HPTLC
combined with chemometric methods. Plant
Biosystems, 155(6), 1-10.
https://doi.org/10.1080/11263504.2020.1
779840

Dewatisari, W. F., Rumiyanti, L., & Rakhmawati, 1.

(2018). Rendemen dan Skrining Fitokimia
pada Ekstrak Daun Sanseviera sp. (Yield and
phytochemical screening of Sansevieria sp.
leaf extract). Jurnal Penelitian Pertanian
Terapan, 17(3), 197-203.
https://doi.org/10.25181/jppt.v17i3.336

Fauziyya, R., Auli, W. N,, Suprahman, N. Y., Sarmoko,

S., Ashari, A, Alsadila, K., Agustin, L., Fazila,
S., Zahra, M., Pane, E. C, & Sukrasno, S.
(2023). Bioinformatic and Molecular

Volume 37 Issue 1 (2026)

Docking Study of Zerumbone and Its

Derivates against Colorectal Cancer.
Indonesian Journal of Cancer
Chemoprevention, 14(1), 39-48.

https://doi.org/10.14499/INDONESIAN]CA
NCHEMOPREV141SS1PP39-48

Hanwar, D., Suhendi, A, Santoso, B., Trisharyanti, 1.,

& Melannisa, R. (2013). Isolation and
Purification of Chemical Marker from
Zingiber zerumbet Rhizome from Indonesia.
4,95.

Haque, M. A, Jantan, I., & Harikrishnan, H. (2018).

Jamil,

Kaur,

Zerumbone suppresses the activation of
inflammatory mediators in LPS-stimulated
U937 macrophages through MyD88-
dependent NF-kB/MAPK/PI3K-Akt
signaling pathways. International
Immunopharmacology, 55, 312-322.
https://doi.org/10.1016/].INTIMP.2018.01.
001

N. A. H. A, Hoongli, S. C., Abdullah, N. A,
Zakuan, N. M., Hamid, H. A., Mehat, M. Z.,,
Cheema, M. S, & Hashim, N. F. (2023).
Zerumbone: A Potent Emerging
Phytochemical with Anticancer Therapeutic

Potential (Zerumbon: Kemunculan
Fitokimia Poten dengan Potensi Terapeutik
Antikanser). Sains Malaysiana, 52(12),

3511-3522. https://doi.org/10.17576/jsm-
2023-5212-13

N. Kaur, R, Bhardwaj, U, & Sharma, P.
(2025). Isolation and derivatization of
bioactive  compounds from zingiber
zerumbet essential oil with antifungal
activity against rice pathogens. Discover
Plants, 2(1), 249-258.
https://doi.org/10.1007 /S44372-025-
00321-1

Kitayama, T. Yamamoto, K., Utsumi, R., Takatani,

M., Hill, R. K, Kawai, Y., Sawada, S. &
Okamoto, T. (2001). Chemistry of
zerumbone. II. Regulation of ring bond
cleavage and unique antibacterial activities
of zerumbone derivatives. Bioscience,
Biotechnology, and Biochemistry, 65(10),
2193-2199.
https://doi.org/10.1271/BBB.65.2193

Kuek, W.N,, Tiang, Y. R, Yow, H.Y,, Tan, L. K. S, How,

C. W, Looi, Q. H. D, & Foo, J. B. (2024). Skin
lightening properties of zerumbone cream:
A placebo-controlled study. jJournal of
Cosmetic Dermatology, 23(6), 2117-2124.
https://doi.org/10.1111/JOCD.16234

Lallo, S., Kasim, S., Tayeb, R., Hasan, A. D., Sere, H.,,

175



Noor,

Ismail, I, & Arifin, T. (2018). Analisis
Zerumbone dalam Zingiber zerumbet dan

Aktivitas  Penghambatannya  terhadap
Bakteri Mycobacterium tuberculosis
(Analysis of zerumbone in Zingiber

zerumbet and its inhibitory activity against

Mycobacterium tuberculosis).  Jurnal
Farmasi Galenika (Galenika Journal of
Pharmacy), 4(2), 126-132.

https://doi.org/10.22487/j24428744.2018.
v4.i2.11138

N. F. M,, & Sirat, H. M. (2016). Isolation,
characterization and modification of
zerumbone from Zingiber zerumbet. E-
Proceedings Chemistry, 1, 7-10.
http://eproceedings.chemistry.utm.my/

Nugroho, A. (2017). Buku Ajar Teknologi Bahan

Alam  (Textbook of

natural product
technology). Lambung Mengkurat University
Press.

Parasuraman, S., Balamurugan, S., Muralidharan, S.,

Jayaraj Kumar, K, Vijayan, V., &
Parasuraman, S. (2014). An Overview of
Liquid Chromatography-Mass Spectroscopy
Instrumentation. Pharmaceutical Methods,
5(2), 47-55.
https://doi.org/10.5530/phm.2014.2.2

Suhartati, T. (2017). Dasar-dasar Spektrofotometri

Sulistyani, M.

176

UV-VIS dan Spektrometri Massa untuk
Penentuan Struktur Senyawa Organik
(Fundamentals of UV-Vis
spectrophotometry and mass spectrometry
for organic structure determination). Acta
Universitatis Agriculturae et Silviculturae
Mendelianae Brunensis, 106.

(2017). Optimasi pengukuran
spektrum vibrasi sampel protein
menggunakan spektrofotometer fourier

transform infra red (FTIR) (Optimization of

Riri Fauziyya

protein vibration spectrum measurement

using Fourier  transform infrared
spectrophotometer). Indonesian Journal of
Chemical Science. 6. 173-180.

https://api.semanticscholar.org/CorpusID:
105015054

Sutardi, L. N., Wientarsih, 1., Handharyani, E. &

Setiyono, A. (2015). Indonesian Wild Ginger
(Zingiber sp) Extract: Antibacterial Activity
against Mpycoplasma gallisepticum. I[OSR
Journal Of Pharmacy, 5(10), 59-64.
www.iosrphr.org

Vasas, A, Lajter, [, Kasz, N., Kirdly, S. B., Kovacs, T.,

Kurtan, T., Bozsity, N., Nagy, N., Schelz, Z,
Zupko, I, Krupitza, G., Frisch, R.,, Mandi, A., &
Hohmann, ]. (2021). Isolation, Structure
Determination of Sesquiterpenes from
Neurolaena lobata and Their
Antiproliferative, Cell Cycle Arrest-Inducing
and Anti-Invasive Properties against Human
Cervical Tumor Cells. Pharmaceutics, 13(12).
https://doi.org/10.3390/PHARMACEUTICS
13122088

Wahyuni, S., Bermawie, N., & Kristina, N. N. (2013).

Yeh,

Morphological Characteristic, Yield
Potential, and Major Rhizome Constituent of
Nine Accession Numbers of Wild Ginger.
Jurnal Littri, 19(3), 99-107.

W. L, Huang, B. R, Chen, G. W,
Charoensaensuk, V., Tsai, C. F., Yang, L. Y., Lu,
D. Y, Chen, M. K, & Lin, C. (2022). Role of
Zerumbone, a Phytochemical
Sesquiterpenoid from Zingiber zerumbet

Smith, in  Maintaining = Macrophage
Polarization and Redox Homeostasis.
Nutrients, 14(24), 5402.

https://doi.org/10.3390/NU14245402/S1

Volume 37 Issue 1 (2026)



