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ABSTRACT

Antioxidant compounds can prevent or delay certain types of cell damage caused by oxidation
processes involving oxidants. One of the sources of antioxidant compounds is the red lip plant
(Syzygium myrtifolium Walp.). S. myrtifolium is a medicinal plant that has traditionally been used
for the treatment of hypertension, facilitating labor, and alleviating abdominal pain. This research
was conducted to evaluate the antioxidant activity of fractions derived from S. myrtifolium leaves
and to identify the chemical profile of the antioxidant-active fractions. Fractionation of S.
myrtifolium leaves was carried out through successive maceration in graded solvents. Each
fraction was tested for antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
method. Quercetin exhibits very strong antioxidant activity and is used as a standard for
comparison. The chemical components with strong antioxidant activity were further separated by
gravity column chromatography into several subfractions. The chemical profiles of the active
subfractions were identified by using 1D Nuclear Magnetic Resonance (NMR) Spectroscopy and
Liquid Chromatography Mass Spectrometry/Mass Spectrometry (LCMS/MS). This study found
that ethyl acetate and methanol fractions showed strong antioxidant activity. Separation of the
active fractions by gravity column chromatography yielded an active subfraction from the ethyl
acetate and the methanol fractions with 1Cso values of 99.2 ug/mL and 78.8 pg/mL, respectively.
A pure white solid compound was obtained from the active ethyl acetate subfraction, which was
identified by 1D NMR spectroscopy as betulinic acid. Furthermore, the active subfraction from
the methanol fraction was analyzed by LCMS/MS and identified as containing bergenin,
quercetin, elemicin, and asarone.
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Introduction
In addition to its use for stomach pain, red lip leaves are employed by

Antioxidants are compounds that prevent and repair cellular Balinese Hindus to facilitate childbirth.> Furthermore, research

damage, especially those caused by exposure to free radicals. Free
radicals can damage the DNA structure of cells, induce inflammation,
weaken the immune system, and elevate bad cholesterol levels in the
body. Excessive and prolonged exposure to free radicals increases the
risk of various diseases, including dementia, premature aging, heart
disease, high blood pressure, and cancer. Therefore, antioxidants are
essential for counteracting the effects of oxidative stress caused by free
radicals. Substances with antioxidant properties include polyphenols,
flavonoids, lutein. beta-carotene, lycopene, zinc, anthocyanins
(pigments found in vegetables and fruits), selenium, and vitamins A, C
and E.**S. myrtifolium Walp. or often referred to as red lip is a plant
species from the Myrtaceae family. The red lip plant is frequently used
by the community to treat digestive ailments.®
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indicates that red lip is a promising candidate for hypertension treatment
due to the secondary metabolites it contains. The polyphenol
compounds found in the Syzygium genus are known to exhibit
antioxidant activity. 7-° Based on the results of literature studies, the
secondary metabolites in red lip leaves include flavanones, chalcones,
triterpenoids, and gallic acid.!* Moreover, previous research has
identified the presence of alkaloids and tannins in red lip plants.!?
Additional studies have reported that red lip leaves contain alkaloids,
flavonoids, phenolics, saponins, tannins, and triterpenoid compounds.
1315 Furthermore, previous studies have also shown that ethyl acetate,
ethanol, and methanol extracts from S. myrtifolium leaves exhibit
significant free radical scavenging activities. At a concentration of 1000
ug/mL, these extracts can scavenge more than 92% of DPPH radicals.*®
Based on these findings, this study aims to examine secondary
metabolite compounds isolated from red lip (S. myrtifolium Walp.),
particularly from its leaves, which can act as antioxidants by isolating
antioxidant compounds from red lip (S. myrtifolium Walp.).

Materials and Methods

Plant Collection and ldentification

The samples used were fresh red lip leaves, collected from the campus
of Sriwijaya University, Ogan llir, Indralaya, South Sumatra, Indonesia
(-3.218525, 104.646329) on May 8, 2023. The plant was authenticated
at the Herbarium Andalas University by Dr. Nurainas, Department of
Biology, Faculty of Mathematics and Natural Sciences, Andalas
University, Padang, West Sumatra  with no. 536/K-
ID/ANDA/V111/2023 and deposit to Department of Chemistry, Faculty
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of Mathematics and Natural Sciences, Sriwijaya University,
Palembang, South Sumatera.

Fractionation

Samples of red lip leaves were dried at room temperature (25°C) and
subsequently ground into powder. A 1.4 kg sample of red lip was
extracted using a multistage maceration method with n-hexane, ethyl
acetate and methanol solvents, up to 5 L for each solvent for 1 x 24
hours. Three repetitions were conducted for each solvent. The filtrate
from each repetition was concentrated using a rotary evaporator at 65°C
and 80 rpm to obtain the solid extract.

Antioxidant Test

DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical inhibition was used to
assess in vitro antioxidant activity using sample concentrations of 500,
250, 125, 62.5, 31.25, 15.625 pg/mL. A volume of 0.2 mL from each
concentration was added to 3.8 mL of 0.05 mM DPPHY, and the
solutions were incubated in the dark for 30 min. As a negative control,
we used 4 mL of a 0.05 mM DPPH solution in methanol, whereas
ascorbic acid was used as a positive control. The absorbance of the
solutions was measured using an Orion AquaMate 8000 Ultraviolet-
Visible (UV-Vis) spectrophotometer at 517 nm. The percentage
inhibition and 1Cso values were calculated to determine the antioxidant
activity.*®

k_As

%Inhibition = X 100%

S

Ax: control absorbance
As: sample absorbance

The samples that showed active antioxidant activity were subjected to
LCMS/MS analysis.

Fractionation of Ethyl Acetate and Methanol Extracts

The most promising fractions were separated via gravity column
chromatography using a silica gel G60 stationary phase (70-230 mesh).
The ethyl acetate and methanol fractions were prepared and pre-
absorbed onto silica gel G60 (230-400 mesh) in a mass ratio of 1:1 and
then evenly distributed into the chromatography column and eluted with
an eluent of increasing polarity, namely n-hexane:EtOAc (10:0 — 0:10)
and EtOAc:MeOH (10:0 — 0:10). The eluate was collected at 10-ml
intervals. TLC Geo F2s4 analysis was then performed, and the spot
patterns were viewed under a UV lamp at A = 254 nm. Eluates showing
a similar pattern were combined into a single fraction. This grouping
process yielded 9 subfractions (FE1-FE9) from the ethyl acetate fraction
and 6 subfractions (FM1-FM6) from the methanol fraction. All
subfractions from both ethyl acetate and methanol fraction were
subjected to antioxidant assay to determine the active antioxidant
subfraction, which was then subjected to further assay.

Isolation and Identification of Compound 1 from Ethyl Acetate
Subfraction (FE8)

Subfraction FE8 from the ethyl acetate fraction displayed strong
antioxidant activity and was then isolated and purified by column
chromatography and eluted using an eluent of increasing polarity (n-
hexane: ethyl acetate eluent (8:2 — 1:1)) to obtain pure compounds with
a single spot pattern. The structure of the compound was identified
using spectroscopic methods, including *H-NMR (Bruker, 700 MHz,
CDCls) and *C-NMR (Bruker, 700 MHz, CDCls), and compared with
the NMR data of the same compound from the reference.

Spectroscopic data of betulinic acid (1)

White solid (31 mg): *H-NMR (700 MHz, CDCls)  3.00 (1H, m, H-3),
2.26 (1H, m, H-13), 3.19 (1H, m, H-19), 0.93 (3H, s, H-23), 0.75 (3H,
s, H-24),0.82 (3H, s, H-25), 0.97 (3H, s, H-26), 0.96 (3H, s, H-27), 4.74
(1H, s, H-29a), 4.60 (1H, s, H-29b), 1.69 (3H, s, H-30); *C-NMR (700
MHz, CDCls) ¢ 38.9 (C-1), 27.6 (C-2), 79.2 (C-3), 39.0 (C-4), 55.5(C-
5), 18.5 (C-6), 34.5 (C-7), 40.9 (C-8), 50.7 (C-9), 37.4 (C-10), 21.0 (C-
11), 25.7 (C-12), 38.6 (C-13), 42.6 (C-14), 30.7 (C-15), 32.3 (C-16),
56.4 (C-17), 47.1 (C-18), 49.4 (C-19), 150.6 (C-20), 30.4 (C-21), 37.2
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(C-22), 28.2 (C-23), 15.5 (C-24), 16.2 (C-25), 16.3 (C-26), 14.9 (C-27),
179.9 (C-28), 109.9 (C-29), 19.6 (C-30).

LCMS analysis of methanol subfraction (FM6)

Subfraction FM6 from the methanol fraction showed high antioxidant
activity. The chemical content was then analyzed by LCMS using the
UPLC-MS (Ultra Performance Liquid Chromatography-Mass
Spectrophotometer) instrument. Unit (LC: ACQUITY UPLC® H-Class
System, Waters, USA) and a mass spectrometer (Xevo G2-S QTof,
Waters, USA). This

involved the use of a C18 column (1.8 um 2.1x100 mm, ACQUITY
UPLC®HSS, Waters, USA) at temperatures of 50 °C (column) and 25
°C (room). LC analysis was performed using a mobile phase consisting
of water + 5 mM ammonium formate (A) and acetonitrile + 0.05%
formic acid (B) at a flow rate of 0.2 ml/min (step gradient) over 23 min
(see slide for mobile phase). Injection volume was 5 pl (first filtered
through a 0.2 pm syringe filter). Mass spectrometry (MS) was
performed using electrospray ionization (ESI) in positive mode with a
mass range of 50-1200 m/z and source and desolvation temperatures of
100 °C and 350 °C, respectively. In addition, the flow of cone gas and
emissions O L / hrand 793 L / hr. As a result, the energy of the collision
has changed to 4 to 60 eV. The data was analyzed by the Masslynx 4.1
application, and the predicted molecular formula that had been selected
was then searched with the help of the chemspider.com website. 1°

Results and Discussion

Dry powder of S. myrtifolium leaves (1.4 kg), extracted through
multistage maceration using n-hexane, ethyl acetate, and methanol,
yielded extracts of 18.3 g, 43.9 g, and 48.2 g, respectively.

Antioxidant Activity of Fractions from S. myrtifolium leaves

The antioxidant activity of the n-hexane, ethyl acetate, and methanol
fractions, along with the antioxidant standard ascorbic acid, was tested
using the DPPH assay at concentration of 500, 250, 125, 62.5, 31.25,
and 15.625 pg/mL yielding 1Cso values as shown in Table 1.

Ethyl acetate and methanol fractions exhibited strong antioxidant
activity, prompting their separation via column chromatography. The
1Cso value for ethyl acetate and methanol fractions were 98.2 pg/mL and
93.3 pg/mL, respectively.

Table 1: Antioxidant activity (ICso) of fractions from S.
myrtifolium leaves and ascorbic acid

No. Sample 1Cso (pHg/mL)
1 Fraction n-hexane 482.2 **
2 Fraction ethyl acetate 98.2 ***
3 Fraction methanol 93.3 ***
4 Ascorbic acid 9.5 HhA*

Note: Antioxidant activity 1Cso (ug/mL): ****: <20 ug/mL (very
strong), ***: 20-100 ug/mL (strong), **: 101-500 pug/mL (moderate);
*: >500 pg/mL (weak)®

Fractionation of Ethyl Acetate and Methanol Extracts

A total of 5 g of ethyl acetate fraction was grouped into 9 subfractions
(FE1-FE9) based on thin-layer chromatography (TLC) spot patterns.
Similarly, the 8 g of methanol fraction was grouped into 6 subfractions
(FM1-FMS6). In total of 15 subfractions from both fractions were tested
for antioxidant activity, as summarized in Table 2. Subfractions FE8
and FM6 showed strong antioxidant activity with 1Cso values of 99.2
pg/mL and 79.8 ug/mL, respectively. Furthermore, FE8 was subjected
to 1D NMR assay and FM6 was subjected to LCMS/MS assay. Pure
compound (1), which did not show strong antioxidant activity, was
isolated from sub-fraction FES.
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Table 2: Antioxidant activity (ICso) of ethyl acetate and
methanol subfractions of S. myrtifolium leaves

No. Sample 1Csp (Hg/mL)
(SubFraction)

1 FE1 337.9**
2 FE2 187.9**
3 FE3 209.9**
4 FE4 138.8**
5 FES 115.0**
6 FEG 253.0**
7 FE7 110.5**
8 FE8 99.2**
9 FE9 148.6**
10 FM1 213.9*%*
11 FM2 221.7**
12 FM3 173.6**
13 FM4 171.8**
14 FM5 251.1**
15 FM6 79.8%**
16 Ascorbic acid 9.5xx**

Note: FE1-FE9: ethyl acetate subfraction, FM1-FM6: methanol
subfraction. Antioxidant activity 1C50 (ug/mL): ****: <20 ug/mL
(very strong), ***: 20-100 pg/mL (strong), **: 101-500 ug/mL
(moderate); *: >500 ug/mL (weak)%®

This suggests the possibility of synergism between betulinic acid and
other components in the sub-fraction that contributed to the observed
strong antioxidant activity of this fraction.*

Isolation and Identification of Compounds 1

A total of 250 mg of subfraction of FE8, was selected for compound
purification because it has strong antioxidant activity. The sample was
preabsorbed with silica gel and then subjected to column
chromatography using n-hexane: ethyl acetate (8:2 — 1:1) eluent. TLC
analysis of each eluent gave three groups of spot patterns that were
combined into subfractions FE8.1. Subfraction FE8.1 was rinsed with
n-hexane-ethyl acetate solvent mixture (1:1) to obtain a pure compound
with a single spot pattern in the form of a white solid (31 mg).
Identification of the compound structure using spectroscopic methods
including *H-NMR and 3C-NMR and compared with reference NMR
data for the same compound.

The *H-NMR spectrum of compound 1 (700 MHz, CDClIs) exhibited
chemical shifts ranging from Jn 0.70 to 5.30 ppm, indicating that the
isolated compound is a non-phenolate. There are signals that
accumulate in the on < 2 ppm region which are typical for triterpenoid
or steroid compounds. Furthermore, there are two vinylic proton signals
in the Jn 4 - 5 ppm region and three other methine proton signals in the
2.20-3.20 ppm region. The 1H-NMR spectrum of compound 1 showed
the presence of 6 methyl signals, with strong intensity at on 0.75 (3H,
s); 0.82 (3H, s); 0.93 (3H, s); 0.96 (3H, s); and 0.97 ppm (3H, s). Signals
above on 2.00 ppm revealed two typical signals for vinylic protons from
the methylene group at du 4.74 (1H, s) and 4.60 ppm (1H, s), an
oxygenated methine proton signal at én 3.00 (1H, m), and two additional
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methine protons at du 2.26 (1H, m) and 3.19 ppm (1H, m) indicating
that compound 1 has an sp? methylene group and a hydroxyl group
bound to the tertiary carbon which is a typical absorption for a methine
proton on a carbon binding a hydroxyl (OH) group commonly found at
the C-3 position for triterpenoid class compounds. Comparison of the
'H NMR spectrum of the compound 1 with betulinic acid from the
reference shows a high similarity, suggesting that compound 1 is
betulinic acid.

The *C-NMR spectrum of compound 1 shown in Figure 1 shows the
presence of 30 carbon signals. There are three sp2 carbon signals at dc
> 100 ppm each indicating a typical carbon signal for carbonyl acids
group at dc 179.9 ppm and the C=C bond at dc 150.6; and 109.9 ppm.
Furthermore, there are 27 other carbon signals located in the dc < 100
ppm region, correspond to sp3 carbons, including quaternary carbon,
methine (CH), methylene (CH2), and methyl (CH3) groups, typical of
the pentacyclic triterpenoid structure. A typical carbon signal at
chemical shift dc 79.2 ppm indicates the presence of an oxygenated
carbon, likely at C-3, the site of the hydroxyl group in the triterpenoid
skeleton. Other signals accumulated in the dc < 60 ppm region
correspond to C-sp3 carbons, characteristic of pentacyclic triterpenoid
structures. The *C-NMR spectrum of the isolated compound is shown
in Figure 1.

2 c3

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

0.8

Figure 1: BC-NMR (700 MHz, CDCls) spectrum of compound
1

The analysis of *H-NMR and *C-NMR data confirms that the isolated
compound belongs to the pentacyclic triterpenoid class. There are three
sp? carbons, namely an sp? carbon for an acidic carbonyl group and two
other sp? carbons for methylene carbon and quaternary carbon. The
compound also contains six methyl groups and a hydroxyl group at C3.
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Furthermore, the *H NMR (700 MHz, CDClIs) and **C NMR (700 MHz,
CDCls) spectral data of compound 1 were compared with betulinic acid
reported by Noviany and Osman, H.¥” and Mahato, S.B and Kundu,
A.P.3 The 1*C NMR data of compound 1 show close resemblance to
those of betulinic acid. For instance, the C-3 signal, corresponding to a
hydroxyl group, appears at dc 79.2 ppm for compound 1 and dc 78.9
ppm for betulinic acid. Likewise, the carboxylic carbon at C-28
resonates at dc 179.9 ppm in compound 1 and dc 180.5 ppm in betulinic
acid.

The *H NMR data further support this structural similarity. The proton
at C-3 in compound 1 appears as a multiplet at on 3.00 ppm, closely
matching the dn 2.95-2.98 ppm range reported for betulinic acid.
Similarly, the signals at C-13 and C-19 are observed at on 2.26 and 3.19
ppm, respectively, compared to on 2.21-2.24 and 2.91-2.94 ppm in
betulinic acid. The vinylic protons at C-29 appear as two singlets at J
4.74 and 4.60 ppm in compound 1, which is consistent with the broad
singlets at on 4.56 and 4.69 ppm in betulinic acid. The methyl protons
at C-23 to C-27 in compound 1 resonate between Jn 0.75-0.97 ppm,
again very close to the corresponding signals in betulinic acid (J+ 0.65—
0.93 ppm).

Overall, the *H-NMR and **C-NMR spectra of compound 1 strongly
resemble those of betulinic acid, confirming its identity as betulinic
acid. The chemical structure of compound 1 and its carbon atom
numbering are shown in Figure 2.

Figure 2: The chemical structure of compound 1 as betulinic
acid
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LCMS Analysis

Subfraction FM6 from the methanol fraction showed strong antioxidant
activity, and its chemical content was analyzed using LCMS with
UPLC-MS techniques. The value of measured mass and calculated
mass must also be reduced by the mass of 1 H atom, which is 1.0078,
due to the addition of H atoms during separation using the column,
which comes from the liping of ESI (+) ions. The predicted molecular
formula was selected based on a mass difference between the measured
and calculated mass of + 0.0005.%

The identification of the chemical structure in the antioxidant active
subfraction (FM6) is shown in Figure 3 and Table 3. Figure 3 shows
that not all peaks could be assigned tentative chemical structures
determined. This is because some peaks had compound structures with
% fit conf < 60%, and thus, these compounds were not recommended
for selection. In addition, there are also peaks that have not been
identified. The compound content selected in Figure 3 are those with a
Fit Conf %> 80%, and based on literature studies, the group of
compounds has been previously reported.

Syzygium genus plants are one of the abundant native plants from Asia
with tropical and subtropical climates. Traditionally, Syzygium has
health benefits, namely controlling blood sugar, improving skin health
because it releases antifungal and antimicrobial substances, maintaining
heart health so that it can lower blood pressure, relieving constipation,
treating diarrhea, preventing dehydration, selecting bones and teeth
because it contains magnesium, phosphorus and potassium.?-2®

Phytochemicals identified from plants in the Syzygium genus have been
extensively studied, as shown in Figure 4., Among these compounds,
some exhibit biological activity related to antioxidants, namely
quercetin (24), phloretin (27), myrigalon-G (28), myrigalon-B (29),
myricetin-3-O-rhamnoside  (30), europetin-3-O-rhamnoside  (31).
Phloretin (27) has been found in the plants S. polyanthum and S.
aqueum. This compound shows antidiabetic activity with an ECso value
of 20 + 2.2 uM for a-glucosidase enzyme inhibition and 31 + 5.5 uM
for a-amylase enzyme inhibition. Myrigalone G (28) and myrigalone B
(29) were successfully isolated from the leaves of Syzygium aqueum.
Myrigalone B (29) shows stronger inhibitory activity against o-
glucosidase with an an ECso value of 7 + 1.4 uM but weaker activity
against a-amylase with an an ECso value of 33 + 6.6 uM, compared to
the same positive control. Meanwhile, myrigalone G (28) demonstrates
antidiabetic activity with an an ECso value of 19 = 1.0 uM for a-
glucosidase and 83 + 1.3 uM for a-amylase, indicating higher
effectiveness against a-amylase compared to acarbose.?*2

Table 3: Predicted chemical content of FM6 by LCMS/MS analysis

No. Retention Time % Area Formula Tentative % Fit Conf
Identification

1 4.33 4.20 C14H1609 Bergenin 84.14

2 5.80 11.09 C15H1007 Quercetin 89.52

3 16.62 10.53 C12H1603 Elemicin 97.80

4 17.16 6.30 C12H1603 Asarone 94.74

Myricetin-3-O-rhamnoside (30), isolated from the leaves of Syzygium
aqueum and S. guineense, shows good antioxidant activity, with an ECso
value of 3.21 pg/mL in the DPPH assay, which is nearly comparable to
ascorbic acid as the positive control, with an an ECsoof 2.94 pg/mL. In
the FRAP assay, this compound shows an ECso value of 22.9 pg/mL,

equivalent to quercetin, which has an an ECso of 23.18 pg/mL.
Europetin-3-O-rhamnoside (31), isolated from the leaves of S. aqueum,
also shows significant antidiabetic activity, with an an ECsovalue of 1.9
+0.06 pM for a-glucosidase inhibition and 2.3 + 0.04 uM for a-amylase
inhibition, demonstrating greater effectiveness than the positive control,
acarbose.?6?
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The compounds contained in the antioxidant active subfraction of S.
myrtifolium leaves in this study are betulinic acid, bergenin, quercetin,
elemicin, and asarone. Four of these compounds are common in the
Syzygium genus, as shown in Table 3. These compounds include
betulinic acid (1), elemicin (20), bergenin (21), quercetin (24), and

i Y g asarone, the latter of which is an isomer of elemicin that is rarely found

YN \‘/\‘ . in plants of the genus Syzygium. Among the five compounds contained

e A A = b in this antioxidant subfraction, bergenin, quercetin, elemicin, and

# e A =\ asarone are known to have_an'_[ioxidant_a(_:tivity. E_specially quercetin,
T x LI _ \ / which has very strong antioxidant activity and is often used as an

antioxidant standard.3*

B Elemicin' T

Based on previous research, the isolated flavonoids of S. aromaticum

Asaron
. s o e m " A exhibited potential antioxidant activity against DPPH radicals at
jx—'\ \ o | P i o varying concentrations, ranging from 50 to 400 pg/mL. At higher
. '|i;J N A {MPM"JW ol M{'r ] I ,—f*’w (L J\p concentrations (400 pg/mL), all extracts of clove buds significantly

Tine inhibited 45-93% of DPPH radical scavenging activity compared to 45
mg/mL BHT (95%). Quercetin showed moderate antioxidant activity
(46 %) at 400 mg/mL compared to 50 pg/mL BHT (70 %).%®

T T T T T T T
20 QJE “ 1] 1000 1200 N 1] 1600 1800 2000 prd ]

Figure 3: Predicted chemical content of FM6 through

LCMS/MS analysis. Conclusion

The separation of ethyl acetate and methanol fraction using column
chromatography revealed strong antioxidant activity in subfractions
FE8 and FM6, with ICso values of 99.2 and 79.8 pg/mL, respectively.
Betulinic acid (1), which does not have strong antioxidant activity, was
isolated from subfraction FE8. LCMS analysis of subfraction FM6
identified chemical compounds such as bergenin, quercetin, elemicin,

Further phytochemicals of Syzygium genus plants include steroids,
triterpenoids, flavanones, flavanonol glycosides, chalcones, and
phenolics, with molecular structures shown in Figure 4. Beyond their
antioxidant properties, Syzygium plants also exhibit cytotoxic,
analgesic, anti-inflammatory, antimicrobial, and anticarcinogenic

activities. 16:28-33

3)

14)

and asarone. Quercetin has very strong antioxidant activity. Thus, for
the utilization of S. myrtifolium leaves as a medicinal antioxidant
resource, the methanol fraction (FM6) would be the most promising,
although stepwise isolation and purification processes will be required
to remove inactive components.

Conflicts of interest
The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article are
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgements
The authors like to thank Sriwijaya University for funding this study as

part of the Penelitian Unggulan Profesi Scheme with Rector Decree
Number 0125.026/UN9/SB3.LP2M.PT/2024.

i HOJQ)L I;)L Hico References
/©)LH o DN D/\/
HO H;COC
" s OH (18) (19) 1. Djenidi H, Khennouf S, Bouaziz A. Antioxidant activity
@ o on and phenolic content of commonly consumed fruits and
/OI;(V/ o o " m O m ' ou vegetables in Algeria. Prog Nutr. 2020;22:224-235.
o 1% -0 oM Y 2. Lingga IS, Harahap U, Yuandani. Antimutagenic effects of
Ho ° e P °"m‘)’ ethanol extract of syzygium myrtifolium walp. In
T cyclophosphamide-induced mice. Asian J Pharm Clin Res.
on o CJ O on_on “er M 2018;11:210-213.
QLI O Oy om ,(\/’ 3. Wenas D. M., Meilani P. A., Handini.Antioxidant Test of
o o § o (2‘; o Red and Green Colored-Leaves Infusions of Pucuk Merah
(25) (25]

OH OCHJ
O H3CO. 0 O
HO. 0. ] OH 3¢ HO. 0
! 9 °-, 9

(Syzygium myrtifolium Walp.) with DPPH method. J Herb
Pharmacother. 2022;5:26-36.

4. Ravimannan N, Nisansala A. Study on antioxidant activity
in fruits and vegetables—A Review. Int J Adv Res Biol Sci

OH O % OH O OH O 2017;4:93-101.
:og\? Htfﬁ H'ECHO ot 5. Memon, A. H. Abdul Hakeem Memon AH, Ismail Z, Aisha
@0) ) o AF, Al-Suede FS, Hamil MS, Hashim S, Saeed MA,

(32)

(33)

Figure 4: Chemical compounds isolated from some Syzygium

species

Laghari M, & Majid AM. Isolation, characterization,
crystal structure elucidation, and anticancer study of
dimethyl  cardamonin, isolated from  Syzygium
campanulatum Korth. J. Evid.-based Complement Altern
Med. 2014;2014:1-11.

3829

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Trop J Nat Prod Res, August 2025; 9(8): 3825 - 3830

Sujarwo W, Keim AP, Savo V, Guarrera PM, Caneva G.
Ethnobotanical study of Loloh: Traditional herbal drinks
from Bali (Indonesia). J Ethnopharmacol. 2015;69:34-48.
de Araljo AN, de Souza EL, dos Santos Nascimento D,
Alves JM, Sampaio KB, da Silva SR, de Brito Alves JL, de
Albuquerque TM. Revisiting the nutritional and functional
value and health-promoting potential of Syzygium species.
J Funct Foods. 2024;118:106265.

Indah Sari, P., Hasan, T. & Igbal, M. Antioxidant activity
test of red leaf ethanol extract (Syzygium myrtifolium
Walp.) from Pao Village, Tombolo Pao Sub-District, Gowa
Regency with Abts method. J Novem Medika. 2023;3:72-
81.

Jena S, Ray A, Sahoo A, Das PK, Dash KT, Kar SK, Nayak
S, Panda PC. Chemical composition and biological
activities of leaf essential oil of Syzygium myrtifolium from
eastern India. J Essent Oil-Bear Plants. 2021;24:582-595.
Sandhiutami NM, Dewi RS, Rahma F, Yang F. Potential
use of some Indonesian plants to inhibits angiotensin-
converting enzyme in vitro. Maced. J Med Sci.
2022;10:1571-1576.

Memon AH, Ismail Z, Al-Suede FS, Aisha AF, Hamil MS,
Saeed MA, Laghari M, & Majid AM. Isolation,
characterization, crystal structure elucidation of two
flavanones and simultaneous RP-HPLC determination of
five major compounds from Syzygium campanulatum
Korth. Mol. 2015;20:14212-14233.

Sofiyanti, N., Iriani, D., & Lestari, A. R. Kajian anatomi-
histokimia tangkai daun dan karakteristik epidermis pucuk
merah (Syzygium myrtifolium Walp. — myrtaceae). J Anat
Physiol. 2023;7:83-90.

Swami B. S dan Kalse B.S. Bioactive compounds in Jamun
(Syzygium cumini L.) Skeels. J Pharm Innov. 2020;6:161-
167.

Gaikwad, K. P., Chandak, C. S., Ambhore, J. P., Narkhede,
M. B. & A, A. A review of the pharmacological and
bioactive compound of Syzygium cumini. Int J Compr Adv
Pharmacol. 2024;9:166-176.

Savi A, Calegari MA, Calegari GC, Santos VA, Wermuth
D, da Cunha MA, Oldoni TL. Bioactive compounds from
Syzygium malaccense leaves: optimization of the
extraction process, biological and  chemical
characterization. Acta Sci Technol. 2020;42:1-9.

Ahmad MA, Lim YH, Chan YS, Hsu CY, Wu TY, Sit NW.
Chemical composition, antioxidant, antimicrobial and
antiviral activities of the leaf extracts of Syzygium
myrtifolium. Acta Pharm. 2022;72:600-650.

Elfita E, Oktiansyah R, Mardiyanto M, Widjajanti H,
Setiawan A, Nasution SS. Bioactive Compounds of
Endophytic Fungi Lasiodiplodia theobromae Isolated from
The Leaves of Sungkai (Peronema canescens). Biointerf.
Res. Appl. Chem. 2023; 13:1-15.

Oktiansyah R, Widjajanti H, Setiawan A, Nasution SS,
Elfita E. Antibacterial and antioxidant activity of
endophytic fungi extract isolated from leaves of sungkai
(Peronema canescens). Sci Technol. Indones. 2023;8:170-
177.

Mutiah R, Rachmawati E, Zahiro SR. Metabolite profiling
of anticancer compounds in Saussure lappa based on
UPLC-QToFMS/MS. Pharm Educ. 2023:23:37-42.
Hakim, A., Muti’ah, R., Aprinda, R., Suryadinata, A.,
Fitrotun, D., Maslakhah, N. Metabolite profiling of roots,
stems, leaves, and seeds of Helianthus annuus L. using
UPLC-MS. Pharm Indones. 2018;2:63-81.

Abdulrahman MD, Hama HA. Anticancer of genus
Syzygium: a systematic review. Explor Target Antitumor
Ther. 2023;4:273-293

Kumar M, Zhang B, Nishad J, Verma A, Sheri V, Dhumal
S, Radha, Sharma N, Chandran D, Senapathy M, Dey A.
Jamun (Syzygium cumini (L.) Skeels) Seed: A Review on
Nutritional Profile, Functional food properties, health-

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

promoting applications, and safety aspects. Process.
2022;10:2169-2181.

Uddin, A. B. M. N., Hossain, F., Reza, A. S. M. A., Nasrin,
M. S. & Alam, A. H. M. K. Traditional uses,
pharmacological activities, and phytochemical constituents
of the genus Syzygium: A review. Foods Sci. Nutr.
2022;10:1789-1819.

Manaharan T, Appleton D, Cheng HM, Palanisamy UD.
Flavonoids isolated from Syzygium aqueum leaf extract as
potential antihyperglycaemic agents. Food Chem.
2012;132:1802-1807.

Watung F, Rukmana M, Hasmiati H, Agustina TP,
Pandaleke M. Bioatctivity of phloretin from Syzgium
polyanthum (wight) Walp as a gouty arthritis treatment
based on screening in silico. Indones Biodivers. J.
2023;4:39-47.

Palanisamy UD, Manaharan T. Syzygium aqueum leaf
extracts for possible antidiabetic treatment. Int J Med
Plants Nat Prod. 2013;6:13-22.

Nguyen TL, Rusten A, Bugge MS, Malterud KE, Diallo D,
Paulsen BS, Wangensteen H. Flavonoids, gallotannins and
ellagitannins in Syzygium guineense and the traditional use
among Malian healers. J Ethnopharmacol. 2016;11:450-
458.

Aung EE, Kristanti AN, Aminah NS, Takaya Y, Ramadhan
R. Plant description, phytochemical constituents and
bioactivities of Syzygium genus: A review. Open Chem.
2020;18:1256-1281.

Sariga CD, Shakila R, Kothai S. Isolation, Characterization
and Quantification of Bergenin from Syzygium cumini stem
bark. Int Res J Pharm. 2015;6:108-110.

Kusriani RH, Rosandhy SM. Luteolin, a flavonoid from
Syzygium myrtifolium Walp. Curr Res J Biol Sci.
2019;1:31-33.

Julizan N, Ishmayana S, Zainuddin A, Van Hung P, Kurnia
D. Potential of Syzygnium polyanthum as Natural Food
Preservative: A Review. Foods. 2023;12:2275-2286.
Wang YK, Yang XN, Zhu X, Xiao XR, Yang XW, Qin
HB, Gonzalez FJ, Li F. Role of metabolic activation in
elemicin-induced cellular toxicity. J Agric Food Chem.
2019;67:8243-8252.

Tarigan C, Pramastya H, Insanu M, Fidrianny I. Syzygium
samarangense: review of phytochemical compounds and
pharmacological activities. Biointerface Res Appl Chem.
2022;12:2084-2107.

Metasari S, Elfita E, Muharni M, Yohandini H.
Antioxidant compounds from the stem bark of Syzygium
samarangense L. Mol. 2020;15:175-183.

Nassar MI, Gaara AH, EI-Ghorab AH, Farrag A, Shen H,
Hug E, Mabry TJ. Chemical constituents of clove
(Syzygium aromaticum, Fam. Myrtaceae) and their
antioxidant activity. Rev Latinoam Quim. 2007;35:47-57.
Widjajanti H, Elfita E, Sari MT, Hidayati N, Hariani PL,
Setiawan A. Diversity and antioxidant activity of
endophytic fungi isolated from salam (Syzygium
polyanthum). Biodiv. 2023;24:3051-3062.

Osman H. Structure elucidation of betulinic acid from
Sesbania grandiflora root. J Phys Conf Ser.
2021;1751:12090.

Mahato SB, Kundu AP. 3C NMR spectra of pentacyclic
triterpenoids-a compilation and some salient features.
Phytochem. 1994; 37:1517-1575.

Elfita E, Oktiansyah R, Mardiyanto M, Setiawan A,
Widjajanti H. Combination Effect of Extracts and Pure
Compounds of Endophytic Fungi Isolated from Sungkai
(Peronema canescens) Leaves on Antioxidant Activity. Sci
Technol. Indones.2024; 9: 69-76.

3830

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



