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A B S T R A C T

Achalypha indica is a weed that has medicinal properties. This study aims to determine the metabolite profile
and evaluate the antioxidant activity of A. indica from areas with different altitudes, Tuban (20 to 50 masl;
TBN), Banyuwangi (60 to 90 masl; BB), Magetan (300 to 600 masl; MGT), and Malang (500 to 800 masl;
MLG). The ethanol extract of A. indica was analyzed for total phenolics and antioxidant activity. Separation
and identification of samples were carried out using liquid chromatography-high-resolution mass spectrom-
etry (LC��HRMS), then classified by Principal Component Analysis (PCA). The total phenol value ranged from
6.83 to 10.67 mg GAE /g of dry powder, with an antioxidant IC50 of 86.09 to 118.96 mg/mL. LC��HRMS suc-
cessfully identified 83 metabolites. PCA analysis was able to clearly distinguish each sample based on the alti-
tude of the growing location with a total variance value reaching 82 % (PC-1: 57 %, and PC-2: 25 %). Heat map
analysis that observes variations in metabolite composition in each sample shows an increase in the content
of flavonoid compounds in the lowlands under certain geographical conditions. Therefore, the height of the
growing location has a significant influence on the metabolite profile and antioxidant activity. These findings
are very important for assessing the quality, safety, and efficacy of medicinal plant raw materials.
© 2024 SAAB. Published by Elsevier B.V. All rights are reserved, including those for text and data mining, AI

training, and similar technologies.
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1. Introduction

Acalypha indica is a wild plant that can be used as a medicinal
plant. In Indonesia, this plant is known as anting-anting. The biologi-
cal activities of A. indica that have been reported are antioxidant
(Syahiran et al., 2017), antibacterial (Batubara et al., 2016), antimalar-
ial (Hayati et al., 2012; Pasumarthi and Sunita, 2018) and anticancer
(Sanseera et al., 2015; Suresh et al., 2020; Chekuri et al., 2023). The
active compounds found in this plant are responsible for its pharma-
cological activity such as kaempferol-3-O-rutinoside, apigenin, acaly-
phin, esculetin and 4-methyldaphneti, luteolin, catechin,
dihydroartemisinin, artemotil/ b-arteether, peucenin, 13-oxo-ODE,
azelaic acid, and traumatic acid (Fawzy et al., 2017; Sahukari et al.,
2021; Ravi et al., 2017).

The composition and concentration of bioactive compounds could
affect the level of biological activity (Suresh et al., 2020). One of the
factors is the difference in altitude of the growing location. Related
studies indicate that the composition of cannabis seeds in locations
at different altitudes results in different amounts of metabolites and
antioxidant potential. Plants at higher altitudes accumulate more
amino acids, cannabinoids, and fatty acids (Rashid et al., 2021), the
altitude of a plant’s location significantly affects its secondary metab-
olism due to the combination of lower temperatures and increased
UV-B radiation found at high altitudes. (Cirak et al., 2016). Another
study explains that variations in altitude affect the levels of polyphe-
nols in honey, honey from lowland areas has higher levels of total
phenols and total flavonoids (Suleiman et al., 2020). Altitude is also a
contributing factor, though it is notresponsible for all the variations.
All differences in the types and contents of secondary metabolites
can also be caused by different environmental and geographical con-
ditions, including climate, temperature, air humidity and light inten-
sity. climate, temperature, air humidity, and light intensity (Suresh
et al., 2020; Zantar et al., 2015; Yayli et al., 2016; Sanli and Karado-
gan, 2016). Therefore, it is important to evaluate variations in the
metabolite composition in A. indica from different altitude regions
and to determine their biological activities. Rapid and systematic
tests are required to assess the level of medicinal plants with a
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Table 1
Sources of A. indica in East Java.

Location/ sample code Collection Date Altitude (MASL)* Coordinates Temperature ( °C) Relative Humidity (RH) Air pressure (milibar) Season

Banyuwangi (BYW) 22 January 2022 60 � 90 S08°30.4400 E114°15.4160 31.5 � 33.7 70.1 � 75.5 1002.1 � 10,004.9 Rainy
Magetan (MGT) 6 February 2022 300 - 600 S07°30.3400 111°30.4600 27.7 � 30.1 73.7 � 82.8 953.9 � 966.2 Rainy
Malang (MLG) 16 January 2022 500 - 800 S07°55.6200 E112°39.0490 26.3 � 30.0 76.4 � 84.3 925.0 � 950.0 Rainy
Tuban (TBN) 30 January 2022 20 � 50 S06°53.9300 E112°05.0850 31.9 - 34.8 63.9 � 74.0 1008.1 �1008.4 Rainy

* MASL=meter above sea level.
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comprehensive and integrated approach, such as metabolomics. In
this study, non-targeted metabolomics using LC-MS/MS was used to
evaluate the distribution of metabolites in samples.

The metabolomics approach and chemometric analysis can be
used together as a quality control evaluation of medicinal plants.
Metabolomics-chemometric analysis using PCA analysis can provide
a quick overview of the clustering of A. indica plant samples based on
differences in their metabolite profiles. This approach aims to show
the differences between samples more completely, enabling a better
understanding of the composition of plant metabolites and changes
in their biological activity. LC��HRMS-based non-targeted metabolo-
mics and chemometrics techniques, through PCA analysis, can differ-
entiate the two species C. latifolia and C. orchioides and their plant
parts. Meanwhile, PLS analysis can predict the chemical compounds
that contribute to antioxidant activity and a-glucosidase inhibition
based on the growing location, which will cause differences in
metabolite profiles, affecting antioxidant activity and a-glucosidase
inhibition (Umar et al., 2021). In another study, geographic origin
will influence the metabolite profile. LC��HRMS metabolomics tech-
nique succeeded in grouping metabolite profiles based on geographic
origin in A. paniculata (Rafi et al., 2021) and C. zanthorrhiza (Klau
et al., 2022).

Previous research on A. indica explained that the results of the iso-
lation of water extracts had high flavonoid content and antioxidant
activity in the DPPH assay (Syahiran et al., 2018). Hayati et al. (2012)
explained that in vivo ethyl acetate extract has active potential
against P. bergei, while hexane extract provides the best antibacterial
potential (Batubara et al., 2016) and shows cytotoxic activity on
breast cancer MCF-7 cell lines (Chekuri et al., 2017). The methanol
extract showed anticancer activity against NCI-H187 and also dem-
onstrated significant antioxidant activity (Sanseera et al., 2015),
meanwhile, Ravi et al. (2017) identified several chemical compounds
using HR-LC/Q-TOF/MS. However, the impact of different altitudes at
growing sites on metabolite profiles and inhibitory activity against
DPPH radicals, analyzed using metabolomic-chemometric methods,
remains unexplored, which constitutes the novelty in this study. This
study aims to determine the impact of the altitude at which A. indica
grows on the content and composition of its active compounds, by
analyzing metabolite profiles and classifying them using multivariate
PCA analysis. In addition, evaluating antioxidant activity with the
DPPH method. The findings revealed a significant correlation
between variations in the altitude of the growth site and their effects
on the content of active compounds and the activity of A. indica.
These results offer new insights into the assessment of the control of
raw materials for medicinal plants derived from this plant.

2. Materials and methods

2.1. Chemicals and instrumentation

Ethanol and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were obtained
from Sigma Aldrich (St. Louis, USA). Ethanol, acetonitrile, and distilled
water (LC-MS grade) were purchased from Merck (Darmstadt, Ger-
many). Whatman membrane filters (0.22 mm pore size; PTFE; P/N
E252) were sourced from Sigma Aldrich (St. Louis, MO, USA). Ultra
high performance liquid chromatography-quadrupole-orbitrap high
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resolution mass spectrometry (UHPLC-Q-Orbitrap HRMS) (Thermo
Scientific, Waltham, USA) was used to separate and identify metabo-
lites. For in vitro antioxidant activity measurements, a microplate
reader (Epoch BioTek, Winooski, USA) and UV�vis Spectrophotome-
ter (Varian Cary 50 Bio, USA) were used.
2.2. A. indica samples

A. indica was obtained from different altitude locations, Tuban,
Banyuwangi, Magetan, and Malang, with altitudes ranging from 500
to 800 m above sea level, and different geographical conditions
(Table 1). Authentication of the species was carried out by taxono-
mists at the biology department of UIN Maulana Malik Ibrahim
Malang. As well as specimen samples stored in the analytical chemis-
try laboratory of the chemistry study program of UIN Maulana Malik
Ibrahim Malang.
2.3. Extraction of A. indica

A. indica samples were washed with running water to remove
impurities and then dried in an oven at 40 °C. After the drying pro-
cess, the herbs were ground into a powder of 90 mesh. A total of 20 g
of sample powder was extracted in 300 mL of ethanol through mac-
eration in five replications, each lasting 72 h. Furthermore, the sepa-
ration of the metabolite ethanol extracts was analyzed using UHPLC-
Q-Orbitrap HRMS (Thermo Scientific 2020), and the total phenolic
and antioxidant activity were tested.
2.4. Separation and identification of the A. indicametabolite using
LC��HRMS

The process of identifying metabolites through LC��HRMS corre-
sponds to the technique developed by Ravi et al. (2017). In this
method, 5 mg of samples were dissolved in 1 mL of LC-MS grade
MeOH, followed by filtration using a 0.2 mm Polytetrafluroethylene
(PTFE) membrane. Separation of metabolites from the extract of A.
indica was carried out using a Vanquish Flex UHPLC-Q Exactive Plus
Orbitrap-High Resolution Mass Spectrometer, equipped with an
Accucore C18 column (100£2.1 mm, 1.5 mm, Thermo Scientific). The
mobile phase consisted of 0.1 % formic acid in water (A) and 0.1 % for-
mic acid in acetonitrile (B), employing a gradient elution system: 0.0
to 1.0 min (15 % B), 1.0 to 22.0 min (15 to 70 % B), 22.0 to 24.0 min
(70 to 95 % B), 24.0 to 27.0 min (95 % B) and 27.0 to 32.0 min (15 % B).
The flow rate was set at 0.25 mL/min, with an injection volume of 2.5
mL. The MS system used ESI as the ionization source, operating in
both positive and negative ionization modes within the 100 to
1500 m/z range. Capillary temperature, spray voltage, and gas sheath
and sweep gas speeds were configured at 320 °C, 3.8 kV, 15 mL/min
and 3 mL/min, respectively. The automatic gain control (AGC) was
established at 3 £ 106, while the injection time (IT) was fixed at
100 ms. Impact energy levels of 18, 35, and 53 eV were applied, and
the scanning approach employed was MS/MS2, with scan data
acquired at a resolution of 70,000 full width at half maximum
(FWHM).
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2.5. Determination of the total phenolic content of A. indica

The Folin and Ciocalteu reagent was used to assess the total phe-
nolic content of the extracts, following the method described by
Ayele et al. (2022), with modifications. The readings for both the sam-
ples and standards were obtained using a spectrophotometer (Varian
Cary 50 Bio UV�vis Spectrophotometer) at 765 nm, with reference to
the reagent blank.

When 100 mg of the extract was weighed, it was then dissolved in
0.02 L water, resulting in a concentration of 50 mg/mL. Subsequently,
0.2 mL of the extract was pipetted and 15.8 mL of aquades and 1 mL
of Folin�Ciocalteu reagent were added and stirred. The mixture was
allowed to stand for 8 min before adding 3 mL of 10 % Na2CO3. The
solution was left at room temperature in dark conditions for 2 h. Sub-
sequently, the sample was measured using a UV�vis spectrophotom-
eter at 765 nm, with the process repeated three times. The total
phenolic content was calculated as the equivalent gallic acid (GAE)
per gram of dry plant material according to the standard gallic acid
curve (5�25 mg/L) with the equation y = 0.0087x + 0.0004.
2.6. Determination of antioxidant activity with the DPPH method of A.
indica

The antioxidant activity was determined using the DPPH method
developed by Khorasani Esmaeili et al. (2015). A 3 ml solution of the
extract was mixed with 1 ml of DPPH (0.2 mM) in an ethanol solution
with varying concentrations (2�10 mg/ml). Following the vortex, the
mixture was incubated for 30 min at 37 °C. The decrease in absor-
bance of the test mixture was caused by quenching of DPPH free radi-
cals at 517 nm.

The sample concentration required to scavenge 50 % of DPPH free
radicals is denoted by the IC50 value. The following formula was used
to calculate radical scavenging activity:

SCV% ¼ Absorbance Control � Absorbance sample

Absorbance control
� 100%

Percentage scavenging is% SCV, the IC50 value was obtained by
analyzing the graph depicting the scavenging activity at various
extract concentrations. This value represents the total antioxidant
concentration needed to reduce the initial DPPH radical concentra-
tion by 50 %. Measurements were made in triplicate, and scavenging
effects were calculated on the basis of the percentage of DPPH scav-
enged.
2.7. Data analysis

Five duplicates were used to determine extraction, total phenol
content, and antioxidant activity in DPPH. Data are shown as the
mean § standard deviation. A one-way analysis of variance (ANOVA)
is performed to determine if there is statistical evidence of a signifi-
cant difference. If p < 0.05, a Duncan test is performed. The relation-
ship between identified metabolites and antioxidant activity was
determined, the IC50 activity value and the peak area of each
Table 2
Extraction yield, total phenolic content, and antioxidant activity of A. indica ba

Location* Altitude (MASL)** Extraction Yield (%) Total Phenolic Co

BYW 60 � 90 17.72§0.59c 10.67§0.42a

MGT 300 - 600 49.19§0.52b 6.83§0.57c

MLG 500 - 800 17.16§0.46c 8.10§0.36b

TBN 20 � 50 50.66§0.15a 7.72§0.45bc

The values are mean § SD of the 5 replicates test for each sample. The a�d me
script letters showed a significant difference at p < 0.05 base.
* BYW (Banyuwangi), MGT (Magetan), MLG (Malang), TBN (Tuban).
** MASL=meter above sea level.
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metabolite were the parameters used to calculate the Pearson corre-
lation using Statistical Product and Service Solutions (SPSS, Version
25.0).

Compound Discoverer 2.2 processed LC��HRMS data using an
internal database derived from the results of the study of A. indica
metabolites. Various methods, including mass list search, retention
time alignment, chemical identification (both found and not found),
prediction procedures, and selected spectrum analysis, were
employed for metabolite identification. The peak area of the metabo-
lite is the variable in the PCA analysis, which might be different
between samples. The Unscrambler X program version 10.1 was uti-
lized to generate the PCA model. Meanwhile, MetaboAnalyst ver. 5.0
was used to analyze differences in metabolite distribution through
hierarchical cluster analysis (HCA) with heat map visualization.
(https://www.metaboanalyst.ca/).

3. Results and discussion

3.1. Extraction yields

The study was planned based on sample codes, sampling loca-
tions, and geographical conditions (Table 1). A. indica powder was
subjected to extraction using ethanol solvent via the maceration
technique. This method involves prolonged soaking to enhance the
interaction between the sample and solvent, to optimize the extrac-
tion of metabolites. Furthermore, the maceration process uses room
temperature to minimize the likelihood of compound degradation
associated with elevated temperatures (Ponphaiboon et al., 2023).

In this study, the extraction yield of A. indica was found to range
from 17.16§0.46 to 50.66§0.15 % (Table 2). The ANOVA results indi-
cated a statistically significant impact of the altitude of the growing
location on the extraction yield at a significance level of 95 % (p-value
<0.05). The altitude of the growing location causes differences in the
extracted metabolites, so the yield value is different. The diversity of
secondary metabolites, or the composition of chemically active com-
pounds. is influenced by soil conditions and the geographical envi-
ronment (Giupponi et al., 2020). A. indica as samples came from four
areas in East Java with different altitudes; BYW and TBN were classi-
fied as lowland areas, while MGT and MLGwere classified as highland
areas (Meybeck et al., 2001). This plant is a weed that is more com-
mon in the lowlands than in the highlands. Differences in altitude
lead to variations in geographical conditions such as temperature,
light intensity, humidity, air pressure and differences in altitude. So
the difference in altitude is one of the factors that will influence the
production of secondary metabolites (yield value). This difference in
yield will also affect the total phenolic value and antioxidant activity.

3.2. Metabololite profiling of A. indica

LC��HRMS is widely used to separate and identify metabolites
based on the location of the growth of A. indica plants in the ion-neg-
ative mode (loss of one proton [M-H]�1). The chromatogram profiles
of the samples were similar for all regions, as illustrated in (Fig. 1).
The peak position (tR value) does not have a significant difference,
sed on different altitudes.

ntent (mg GAE/g dried powder) Antioxidant activity (IC50,mg/mL)

91.23§0.88c

115.02§0.29b

118.46§1.723a

86.09§0.48c

an § SD of each extract in the same column followed by different super-

https://www.metaboanalyst.ca/


Fig. 1. Chromatograms of A. indica from (a) BYW, (b) MGT, (c) MLG, and (d) TBN in the negative ionization mode were obtained using LC��HRMS. The altitudes corresponding to
each location can be found in Table 1.
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but has a difference in intensity. So the difference in altitude does not
affect the type of metabolite but affects the concentration of the
metabolite. The similarity of the chromatogram profiles in each
extract indicates the similarity of the metabolite composition, making
it difficult to determine differences only from the chromatogram
profiles. Therefore, multivariate chemometric analysis is needed to
distinguish and classify chromatogram profiles. The analysis used
was PCA.

The identification results using LC/MS-MS on ethanol extracts of A.
indica from four regions showed the presence of a total of 83 metabo-
lites. Identified metabolites include flavonoids, alkaloids, terpenoids,
coumarins, lactones, amino acids, fatty acids, carboxylic acids, and
other metabolites. According to the Venn diagram (Fig. 2), lowland
areas (TBN and BYW) have a greater number of identified metabolites
than highland areas. There are typical metabolites that are identified
only in one area but not in other areas. A total of nine specific metab-
olites were identified in the BYW region and seven specific metabo-
lites in the TBN region, while MGT and MLG each had two typical
compounds identified. A total of forty metabolites were found in
all regions, including flavonoids, phenolics, alkaloids, terpenoids,
coumarins, fatty acids, amino acids, carboxylic acids and other
metabolites.
Fig. 2. Venn Diagram of the putatively identified compound of A. indica in different
altitude. The altitude can be seen in Table 1.
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Table 1 describes the environmental conditions of A. indica in the
lowlands, where the temperatures are hotter, the humidity is lower
and the air pressure is higher. This will affects the formation of sec-
ondary metabolites and confirm that air temperature, air humidity,
and air pressure are important external factors that affect the bioac-
tive components of A. indica. This finding is reinforced by research
(Manukyan, 2019) on Thymus transcaucasicus Ronn plants, where the
content of secondary metabolites of phenolic and carotenoid groups
increased in areas with increased temperature, while essential oil
groups increased in areas with low temperature.

Based on (Table 3), forty metabolites ware identified in all regions:
five metabolites belonging to the flavonoid group, four metabolites of
phenolic compounds, two metabolites of alkaloid compounds, two
coumarin compounds, six fatty acid compounds, five amino acid
compounds, nine carboxylic acid compounds, and four other groups
of compounds.

Flavonoids and alkaloids are the most abundant groups in the
extract of A. indica. Flavonoids are compounds that are antioxidants
(Ravi et al., 2017) and anticancer (Chekuri et al., 2023). The results of
the identification of about thirteen flavonoid compounds were iden-
tified in the ethanol extract based on the altitude region. Compounds
kaempferol-3-O-rutinoside; apigenin (Fawzy et al., 2017); luteolin-6-
C-glucoside; (+)-catechin-5-O-beta-D-glucopyranoside; luteolin; cat-
echin (Sahukari et al., 2021) are the active compound identified in all
BWY, TBN, MG and MGT regions. Catechin was identified based on its
fragmentation in negative ionization mode with m/z. 289; 245; 205;
68. The rhamnetin O-rutinoside compound was only identified in the
TBN extract, while brassicin was identified in the BYW area. Further-
more, there are compounds quercetin-7-O-p-coumaroylglucoside
and rhamnetin ware identified in BYW, TBN MGT; 5,30-dihydroxy-
6,7,8,40-tetramethoxyflavanone was identified in BYW, TBN; 2-ger-
anyl-20,3,4,40-tetrahydroxydihydrochalcone and 6,8-diprenylnarin-
genin ware identified in TBN, MLG; MGT. In addition to flavonoids,
alkaloids are metabolites that are also widely present in this plant.
Three compounds were identified, namely thiazopyr, acalyphin
(Fawzy et al., 2017), and senampeline A. The compounds thiazopyr
and acalyphin were identified in all regions, while the compound
senampeline A was only identified in TBN, MLG, and MGT. Acalyphin
is the main compound, and it was identified based on its fragmenta-
tion in negative ionization mode with m/z 359, 300, 197, 181, 170,
169, 122, and 96 (Fawzy et al., 2017; Nahrstedt et al., 1982). Mean-
while, thiazopyr and senampeline A compound, we matched the MS
fragmentation patterns from our research with online databases for
these two compounds. There are similarities between the fragmenta-
tion patterns from our research and the online database.



Table 3
Identification of putative metabolite compounds of A. indica at different altitudes using LC��HRMS negative ion mode.

Putative compounds RT [min] Molecular
formula

Error mass
[ppm]

Exact
MW

MS and MS2 Relative peak area (%)*

BYW TBN MLG MGT

FLAVONOIDS
Quercetin-7-O-p-coumaroylglucoside 5.314 C27H30O16 �0.16 610.153 609; 463; 446; 301 4.68 3.50 � 3.46
5,30-Dihydroxy-6,7,8,40-
tetramethoxyflavanone

5.768 C19 H20 O8 �0.48 376.115 375; 329; 275; 107 2.53 3.78 � �

Kaempferol-3-O-rutinoside 6.481 C27H30O15 �0.90 594.158 593; 285; 255; 229; 68 0.001 0.44 1.90 0.71
Rhamnetin-O-rutinoside 6.558 C28H32O16 �0.59 624.169 623; 315; 314; 285 � 0.20 � �
Luteolin-6-C-glucoside 6.924 C21H20O11 �0.47 448.100 447; 285; 73 0.31 0.51 0.56 0.44
Brassicin 7.152 C22H22O12 �0.42 478.111 477; 315; 299; 285 0.48
(+)-Catechin-5-O-beta-D-
glucopyranoside

7.954 C21 H24 O11 �0.56 452.132 451; 289; 219 0.33 0.13 0.08 0.13

Apigenin 11.686 C15 H10 O5 �0.54 270.053 269; 227; 159; 117; 89; 65 0.32 0.12 0.26 0.30
Luteolin 12.061 C15 H10 O6 �0.75 286.048 285; 229; 107; 63 0.19 0.09 0.06 0.09
Rhamnetin 12.381 C16 H12 O7 �0.96 316.058 315; 283; 271; 109 0.12 0.14 0.09 0.10
Catechin 12.615 C15 H14 O6 �1.36 290.079 289; 245; 205; 68 0.09 0.03 0.05 0.06
2-Geranyl-20 ,3,4,40-
tetrahydroxydihydrochalcone

21.993 C25 H30 O5 �1.20 410.209 409; 319; 267; 151; 135; 109 � 0.09 0.07 0.05

6,8-Diprenylnaringenin 22.901 C25 H28 O5 �1.10 408.193 407; 389; 339; 333; 271; 217; 135; 107 � 0.07 0.05 0.07
PHENOLICS
5-O-methyl embelin 14.841 C18H28 O4 �0.69 308.199 307; 289; 209; 83; 71 0.13 0.31 0.38 0.36
4-Hydroxy-3-nitrophenylacetic acid 1.467 C8 H7 N O5 �3.68 197.032 196; 152; 124; 95 0.10 0.27 0.20 0.21
Salicylic acid 2.383 C7 H6 O3 �7.48 138.031 137; 109; 93; 67; 65 0.04 0.10 0.06 0.05
3-Aminosalicylic acid 1.468 C7 H7 N O3 �6.02 153.042 152; 124; 108; 65 0.04 0.09 0.06 0.04
ALKALOID
Thiazopyr 1.116 C16H17F5N2O2S �0.32 396.093 395; 393; 359; 345 3.34 1.97 1.69 1.89
Acalyphin 1.138 C15 H16 N6 O5 �4.79 360.116 359; 300; 197; 181; 170; 169; 122; 96 1.23 1.09 1.06 1.30
Senampeline A 21.995 C25H31NO8 �1.54 473.204 472; 314; 67 � 0.14 0.30 0.18

TERPENOIDS (SESQUITERPENOIDS)
Dihydroartemisinin 12.227 C15H24O5 �0.58 284.162 283; 265; 239 � � 0.18 0.17
Artemotil / b-arteether 15.616 C17H28O5 �0.56 312.194 311; 309; 251; 223; 209 0.09 0.14 0.02 0.05
Peucenin 17.499 C15H16O4 �1.22 260.105 259; 203; 175; 89 0.03 0.08 � 0.06

COUMARIN
Marmin 2.081 C19 H24N4O5 �3.88 388.173 331; 163; 161; 59 0.10 � � �
Esculetin 2.667 C9H6O4 �4.50 178.026 331; 163; 161; 59 0.09 0.08 0.06 0.08
4-Methyldaphnetin 8.464 C10H8O4 �4.11 192.041 177; 149; 135; 133; 121; 105; 93 0.05 0.11 0.02 0.06
Murrangatin 11.252 C15H16O5 �0.45 276.100 191; 163; 149; 147; 123; 119; 107; 105;

91; 79; 65
0.03 0.08 � 0.04

Marmesin 12.616 C14H14O4 �2.16 246.089 275; 257; 205; 203; 175 0.10 0.17 � �
LACTONE
2-Isocapryloyl-3R-hydroxymethyl-
gamma-butyrolactone

4.137 C13H22O4 �1.52 242.151 241; 183; 139; 69; 57 � 0.17 � �

FATTY ACIDS
Corchorifatty acid F 11.449 C18H32O5 �0.96 328.225 327; 309; 229; 211; 171; 127; 125; 97;

85; 69
� � 1.33 �

(15Z)�9,12,13-trihydroxy-15-octade-
cenoic acid

12.517 C18H34O5 �0.89 330.240 329; 311; 29; 229; 211; 183; 171; 127;
125; 99; 69

0.51 0.86 1.11 0.98

10,16-Dihydroxyhexadecanoic acid 13.193 C16H32O4 �0.29 288.230 287; 269; 141; 127; 113 � 0.37 0.43 �
13(S)-HpOTrE 17.026 C18H30O4 �0.78 310.214 309; 291; 273; 185; 167; 139; 97; 67 0.15 0.13 0.10 0.16
9-HpODE 18.469 C18H32O4 �0.73 312.230 311; 293; 275; 267; 249; 201; 171; 139,

127; 121; 97; 59
� � � 0.26

9(10)-DiHOME 18.481 C18H34O4 �0.73 314.246 313; 295; 201; 199; 185; 171; 155; 127;
125; 67

� 0.19 � �

9,10-Dihydroxystearic acid 20.178 C18H36O4 �1.25 316.261 315; 297; 201; 171; 143; 141; 127; 125 0.08 0.09 0.10
13-Oxo-ODE 20.235 C18H30O3 �1.06 294.219 293; 275; 257; 235; 221; 183; 177; 123;

113; 121; 97
0.08 0.13 0.12 0.08

12-Hydroxy-10-octadecynoic acid 21.081 C18H32O3 �1.46 296.235 295; 277; 223; 209; 183; 151; 97; 59 0.12 0.10 0.07 0.12
13-Keto-9Z,11E,15Zoctadecatrienoic
acid

21.52 C18H28O3 �0.58 292.204 291; 273; 247; 221; 163; 135; 121; 97 0.08 0.11 0.11 0.08

2-Hydroxy lignoceric acid 26.432 C24H48O3 �1.35 384.360 383; 339; 337 0.06 0.04 0.03 0,06
AMINO ACIDS
4-Hydroxy-L-threonine 1.063 C4H9NO4 2.32 135.053 134; 72; 59; 58 0.39 0.17 0.17 0.39
N-(1-Deoxy-1-Fructosylvaline 1.100 C11H21NO7 �1.22 279.131 278; 188; 160; 158; 116; 114; 101; 89;

73
� 0.33 0.38 0,41

4-Oxoproline 1.395 C5H7NO3 �8.97 129.041 128; 110; 84; 83; 82; 71 0.21 0.07 0.09 0.21
N-(1-deoxy-1-fructosyl)leucine 1.397 C12H23NO7 �1.15 293.147 292; 232; 202; 172; 131; 130; 128; 126;

89; 73; 71
� 0.31 � 0.15

N(alpha)-citryl-N(epsilon)-acetyl-N
(epsilon)-hydroxylysine

1.398 C14H22N2O10 �1.61 378.127 377; 335; 229; 59 0.29 � � �

N-(1-deoxy-1-fructosyl)phenylalanine 1.399 C15H21NO7 �1.30 327.131 326; 236; 206; 164; 149; 147; 117; 101;
73

� 0.13 � 0.13

Shinorine 1.400 C13H20N2O8 �1.18 332.122 331; 155; 184 0.07 0.09 0.11 0.08

(continued)

E.K. Hayati, E.K. Hayati, A. Sabarudin et al. South African Journal of Botany 172 (2024) 710�719

714



Table 3 (Continued)

Putative compounds RT [min] Molecular
formula

Error mass
[ppm]

Exact
MW

MS and MS2 Relative peak area (%)*

BYW TBN MLG MGT

Glutaric acid 1.412 C5H8O4 �8.60 132.041 131; 113; 87; 85 69; 59 � 0.10 � �
4-(L-alanin-3-yl)�2‑hydroxy-cis,cis-
muconate-6-semialdehyde

1.466 C9H11NO6 �2,16 229.058 228; 184; 166; 154; 152; 140; 138; 112
110; 95; 67; 65

0.09 0.11 0.04 0.06

DL-Tryptophan 1.746 C11H12N2O2 �3.19 204.089 203; 186; 142; 130; 116; 74; 72 0.03 0.06 0.06 0.09
Trp - Leu � Asp 2.414 C21H28N4O6 �3.91 432.199 0.04 0.08 0.04 0.07
Acetylphenylalanine 4.514 C11H13NO3 �3.29 207.089 206; 164; 162; 147; 118; 103; 91; 58 0.05 0.07 � �
N-Acetyl-L-phenylalanine 5.065 C11H13NO3 �3.10 207.089 206; 164; 162; 147; 118; 103; 91; 58 � 0.03 � �

DICARBOXYLIC ACID
Azelaic acid 7.230 C9H16O4 �4.12 188.105 187; 169; 143; 125; 97; 95; 57 0.55 0.91 1.30 1.53
Traumatic acid 12.367 C12H20O4 �2.85 228.136 227; 209; 191; 183; 165; 111; 97; 63 0.16 0.32 0.28 0.29

CARBOXYLIC ACID
Quinic acid 1.100 C7H12O6 �4.58 192.063 191; 173; 131; 87; 85; 73; 71; 61; 59 1.12 0.42 0.25 0.28
Glucoheptonic Acid 1.117 C7H14O8 �2.00 226.067 225; 89; 87; 71; 59 0.32 0.23 0.10 0.10
DL-Malic acid 1.123 C4H6O5 �8.34 134.020 133; 115; 89; 87; 72; 71; 59 0.22 0.28 0.30 0.29
4-Oxo-L-proline 1.128 C5H7NO3 �8.81 129.041 128; 84; 82; 55 0.20 0.08 0.08 0.09
Methylmalonic acid 1.135 C4H6O4 �9.63 118.025 117; 73; 71; 55 0.15 0.18 0.25 0.23
Gentisic acid 1.756 C7H6O4 �6.01 154.026 152; 124; 108; 65 0.11 0.08 � �
D(+)-Phenyllactic acid 4.881 C9H10O3 �5.64 166.062 153; 109; 107; 81; 68 0.06 0.11 � �
6-Hydroxy-5-methyl-4,11-dioxounde-
canoic acid

8.562 C12H20O5 �1.65 244.132 137; 109; 93; 67; 65 0.06 0.11 0.08 0.06

5-Hexyl-2-oxotetrahydro-3-furancar-
boxylic acid

8.823 C11H18O4 �2.51 214.120 213; 169; 125; 111; 97; 95; 71; 68; 57 0.09 0.10 0.04 0.04

2-(2-carboxyethyl)�4-methyl-5-pen-
tylfuran-3-carboxylic acid (CMPentylF)

9.121 C14H20O5 �0.65 268.131 267; 223; 219; 207; 71; 59 � 0.06 � �

ESTER
p-Coumaroylcaffeoyltartaric acid 1.395 C22H18O11 �2.98 458.084 300; 180; 154; 138; 122; 71; 59 0.09 � � �
Di-n-Amyl phthalate 16.333 C18H26O4 �0.54 306.1829 305; 249; 135; 125; 123; 79 0.08 0.04 0.03 0.04
LysoPE(0:0/18:3(6Z,9Z,12Z) 18.670 C23H42NO7P �0.88 475.270 474; 277; 214; 196; 171; 152; 140; 78 � 0.07 � �

OTHER GROUPS
D-Gluconic acid 1.097 C12H26O4S �4.20 196.057 195; 177; 87; 75; 72; 71; 61; 59 0.54 0.40 1.54 0.42
1-Pentofuranosyl-2,4(1H,3H)-
pyrimidinedione

1.397 C14H30O4S �2.13 244.069 375; 243; 213; 200 0.04 0.16 � �

D-Pantothenic acid 1.398 C12H18O4 �3.28 219.110 218; 146; 128; 116; 88; 71; 59 0.33 0.43 � 0.30
4-Acetamidobutanoic acid 1.757 C9H7NO �6.50 145.073 144; 102; 100 � 0.29 � �
3-Phenyllactic acid 2.219 C9H10O3 �5.24 166.062 165; 147; 91 0.29 0.29 0.29 0.29
Pyridinoline 2.385 C10H18O4 �4.14 428.189 427; 381; 209; 126 0.29 � � �
Butopyronoxyl 3.511 C6H12O7 �2.13 226.120 225; 97; 83; 71; 69; 57 0.21 0.12 0.14 0.11
Indole-3-acetic acid 5.268 C22H37NO3 �4.82 175.063 174; 172; 156; 130; 128 0.05 0.09 � �
4-Indolecarbaldehyde 6.651 C10H9NO2 �6.54 145.052 144; 116 0.12 0.11 0.06 0.06
Picrotoxinin 8.261 C15H16O6 �0.33 292.095 291; 273; 261 0.09 0.09 � 0.07
Kresoxim-methyl 9.110 C18H28N4O8 �0.44 313.131 312; 148; 134 0.09 � � �
3‑tert-Butyladipic acid 9.484 C6H11NO3 �3.27 202.120 201; 139; 111; 97 � 0.07 0.03 0.04
Dodecyl sulfate 18.449 C18H19NO4 �1.48 266.155 265; 135; 110; 98; 96 0.07 � � �
Myristyl sulfate 22.037 C9H17NO5 �0.14 294.187 293; 171; 98; 96 � � 0.06 �
Leukotriene_B4 dimethylamide 23.774 C9H12N2O6 �0.42 363.277 362; 344; 67 � 0.04 0.03 0.03

�Relative peak area ¼ Area of individual peak
Total peak area x100%, relative peak area is equal with relative concentration. The (-) sign indicates not detected.
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The identification results showed that the dominant metabolites
were also found in the fatty acid, amino acid, and carboxylic acid clas-
ses. A. indica extract contains eleven of fatty acid compounds. For
example, corchorifatty acid F was only identified in the MLG region,
9-HpODE was only identified in the MGT region, and 9(10)-DiHOME
was identified in the TBN region. Meanwhile, other compounds were
almost identified in all regions, such as (15Z)�9,12,13-trihydroxy-
15-octadecenoic acid; 10,16-dihydroxyhexadecanoic acid; 13(S)-
HpOTrE; 9,10-dihydroxystearic acid; 12‑hydroxy-10-octadecynoic
acid; 13-keto-9Z,11E,15Z-octadecatrienoic acid; 2‑hydroxy lignoceric
acid; and 13-oxo-ODE. The 13-oxo-ODE compound (Ravi et al., 2017)
in this study was identified at a retention time of 20.235 in negative
ion mode with anm/z value of 293; 275; 257; 177; 175; 121; 113; 97.
In addition, there are thirteen compounds, including N(alpha)-citryl-
N(epsilon)-acetyl-N(epsilon)-hydroxylysine which is only identified
in the BYW region, glutaric acid and N-acetyl-L-phenylalanine which
are identified in the TBN region. Meanwhile, other amino acid com-
pounds were identified in almost all regions, such as 4‑hydroxy-L-
threonine; N-(1-deoxy-1-fructosyl)valine; 4-oxoproline; N-(1-
deoxy-1-fructosyl)leucine; N-(1-deoxy-1-fructosyl)phenylalanine,
shinorine, 4-(L-alanin-3-yl)�2‑hydroxy-cis,cis-muconate; 6-
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semialdehyde; DL-tryptophan; Trp-Leu-Asp; and acetylphenylala-
nine. The extract of A. indica contained two dicarboxylic acid com-
pounds, namely azelaic acid and traumatic acid (Sahukari et al., 2021;
Ravi et al., 2017), which were present in all regions. Similarly, twelve
compounds of carboxylic acid were also identified in all regions, such
as quinic acid; glucoheptonic acid; DL-malic acid; 4-oxo-L-proline;
methylmalonic acid; 4‑hydroxy-3-nitrophenylacetic acid; 3-amino-
salicylic acid; gentisic acid; salicylic acid; D(+)-phenyllactic acid; and
5-hexyl-2-oxotetrahydro-3-furancarboxylic acid. Only the compound
CMPentylF was identified in the TBN region. There are three com-
pounds identified as a class of Ester compounds, including di-n-amyl
phthalate identified in all regions, compound p-coumaroylcaffeoyl-
tartaric acid identified in the BYW region, while lyso PE(0:0/18:3
(6Z,9Z,12Z) identified in the TBN region.

3.3. Classification of A. indicametabolites from different altitudes in
East Java

The distribution of metabolites in A. indica extracts was analyzed
using multivariate PCA and HCA approaches to evaluate their differ-
ences. PCA can illustrate relationships between samples, such as



Fig. 3. PCA plot of A. indica using LC-MS/MS based altitude. The altitude can be seen in Table 1.
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clustering, to differentiate samples based on altitude. PCA analysis,
simplifying the observed variables by reducing their dimensions, pro-
duces a score plot of the principal components, resulting in the clus-
tering of the sample.

Fig. 3 illustrates the PCA score plots of the samples. The results of
the PCA analysis explain that the variations in the chemical compo-
nents of A. indica are distributed into four groups: groups I-IV. Two
main components, PC-1 and PC-2, contributed to the total variance of
82 % (PC-1: 57 %, PC-2: 25 %). Samples from BYW, MGT, MLG, and
TBN were separated. MGT and MLG were closer in clustering and had
similar metabolite profiles.

TBN and BYW have different clustering distances, even from
MGT and MLG. They are suspected to have a different metabolite
profile by differences in the amount and concentration of metab-
olites in A. indica. Therefore, differences in geographical condi-
tions affect the production of secondary metabolites. Another
study explained that a high-altitude environment with decreased
temperature and increased UV-B radiation significantly affects the
flavonoid and organic acid profiles of plants (Li et al., 2022,
2021). Conversely, the concentration of phenolic compounds
Fig. 4. Heatmap analysis of A. indica extracts based
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increased with increasing temperature under high altitude geo-
graphical conditions. (Rivero et al., 2001) reported that increasing
temperature could increase the enzymatic activity of PAL in
tomato, and the concentration of total phenolic compounds
increased with heat stress. The results showed that phenolic con-
tent differed significantly with altitude differences (Table 2), but
did not have a distinctive pattern. As for antioxidant activity, A.
indica at low altitude (TBN and BYW) has relatively higher antiox-
idant activity than at high altitude (MGT and MGL).

Differences in metabolite composition and concentration were
identified in each extract and visualized in the HCA heatmap (Hierar-
chical Cluster Analysis). The HCA heatmap illustrates the variation of
metabolites contained in each sample. Each row represents a com-
pound, and each column represents a group of samples. The color
scale on the right shows the relative concentration of the metabolite,
with high concentrations in red and low concentrations in blue. The
Fig. 4 explains that the metabolites in BYW and TBN are more varied
in metabolite types, with the dominant metabolites being lactones,
flavonoids, alkaloids, terpenoids and coumarins. However, the differ-
ence is the level of each metabolite.
on altitude. The altitude can be seen in Table 1.



Table 4
Correlation coefficients between metabolit in A. indica and antioxidant activity.

Metabolite Antioxidant activity

4‑hydroxy-3-nitrophenylacetic acid �0.7534
3-aminosalicylic acid �0.7431
4-(L-alanin-3-yl)�2‑hydroxy-cis,cis-muconate 6-
semialdehyde

�0.7015

4-oxoproline �0.6829
glutaric acid �0.6773
5,30-dihydroxy-6,7,8,40-tetramethoxyflavanone �0.6541
30-dihydroxy-6,7,8,40-tetramethoxyflavanone �0.6541
D(+) -phenylactic acid �0.6492
peucenin �0.6039
catechin �0.5699

*Correlation is significant at the 0.05 level.
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3.4. Total phenolic content and antioxidant activity of A. indica from
different altitudes

The determination of the total phenolic content was carried out
using the Folin-Ciocalteu method. In this method, phenolic com-
pounds are oxidized in an alkaline atmosphere by the Folin-Ciocalteu
reagent to produce a strong absorption of the blue molybdenum
complex at 750 nm. The total phenolic content can be estimated
based on the equivalent gallic acid concentration (Pandey et al.,
2018).

The total phenolic content of A. indica in each region showed dif-
ferent values, range 6.83§0.57 to 10.67§0.42 mg GAE/g dry powder.
The ANOVA result showed that differences in the altitude of the
growing location significantly affected the total phenolic content at
the 5 % significance level (p-value <0.05). The highest to lowest val-
ues are BYW, MLG, TBN, and MGT. The BYW area had the highest total
phenolic content among other areas. Most of the extracts of A. indica
from lower altitudes are more efficient in capturing free radicals than
samples from higher altitudes (Table 2). The levels of total phenolic
content in each region showed significant differences. Environmental
and geographical factors such as altitude, soil nutrient content, rain-
fall, photosynthesis rate, and light intensity are suspected to have a
strong influence on the variation of total phenolics and flavonoids in
plants (Nataraj et al., 2022; Singh Rana et al., 2020; Rachmadiarti
et al., 2019)

Antioxidant activity was determined using the DPPH method. A
small value of IC50 is a very strong antioxidant activity and the com-
pound is more effective in inhibiting free radicals (Gangwar et al.,
2014). The extract of A. indica has an IC50 value ranging from 86.09§
0.48 to 118.46§1.723 mg/mL and is significantly different at the level
of 95 % significance (p-value <0.05). Table 2, results of antioxidant
analysis: The TBN and BYW samples have lower IC50 values than
MGT and MLG. Statistical results show that TBN and BYW are not sig-
nificantly different between the two, but significantly different from
MGT and MLG. The small IC50 value in TBN and BYW is suspected
because flavonoid compounds have a higher number and levels of
metabolites than in MGT and MLG. Quercetin-7-O-p-coumaroylglu-
coside and 5,30-Dihydroxy-6,7,8,40-tetramethoxyflavanone com-
pounds are suspected to contribute to neutralizing DPPH radicals.
This result is also supported by and Lo et al., 2010, which mention
the potential of both compounds as antioxidants. Differences in alti-
tude where A. indica grows in TBN and BYW are caused by differences
in environmental factors such as air temperature, relative air humid-
ity, and air pressure, which affect the metabolites produced.

The higher the total phenolic content, the higher the antioxidant
ability to donate electrons to reduce DPPH free radicals. The same
results in strawberry and Coleus forskohlii plants have high levels of
anthocyanin when growing in lowlands, so antioxidant activity is
also high. This is due to geographical differences (temperature,
humidity, average daily radiation, rainfall, and so on) at different alti-
tudes (Singh Rana et al., 2020; Guerrero-Chavez et al., 2015; Saidan
et al., 2015). The total phenol content of A. indica in this study was
not linear with its antioxidant activity data. This is confirmed by
research by Aryal et al. (2019) on wild vegetable plants in Nepal,
which shows that the total phenol and antioxidant values are non-
linear. This is due to the antioxidant response in a biological system,
which is influenced by various complex factors. Antioxidant activity
is not only influenced by phenolic compounds that are antioxidants,
but can also be influenced by non-phenolic metabolites in the extract
that contribute to antioxidant activity (Saidan et al., 2015; Foti and
Amorati, 2009). The results showed that A. indica contained non-phe-
nolic groups, including lactone compounds, alkaloids, terpenoids,
fatty acids, carboxylic acids, and amino acids. (Foti and Amorati,
2009) explained that these compounds interact with peroxyl radicals
through several mechanisms: (i) formal H atom donation from weak
X-H bonds (X = O, N), (ii) addition reactions on polyunsaturated
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systems with the formation of C radicals that are less reactive to O₂,
(iii) co-oxidation processes involving rapid cross-termination reac-
tions, and (iv) catalytic quenching of superoxide (O₂-).

The potential of metabolites in A. indica as antioxidants was pre-
dicted using Pearson’s correlation. (Table 4.) Pearson’s correlation
showed significant negative correlation between metabolite and
antioxidant activity. Metabolites that were negatively correlated
with correlation coefficients close to 1 were predicted to contribute
to antioxidants. The Pearson’s correlation coefficients of the nine
compounds ranged from �0.5699 to �0.7534 (p < 0.05).

Nine compounds are metabolites that contribute to donate hydro-
gen atoms to stabilize DPPH free radicals. These nine compounds
have been reported to have DPPH free radical scavenging activity
(Martinovic et al., 2020; Yppolito et al., 2002; Dugas et al., 2000;
Marti-Quijal et al., 2020; Hashem, 2007; Grzesik et al., 2018) while 4-
oxoproline and glutaric acid play a role in amino acid metabolism
and do not act directly as antioxidants. Of the nine metabolites that
contribute as antioxidants, four are phenolic compounds and five are
nonphenolic compounds.

4. Conclusions

The composition and concentration of metabolites in A. indica
were influenced by the altitude of the growing location. A. indica
from lowland areas had a higher number of identified metabolites
and higher antioxidant activity values compared to those from high-
land areas. Utilizing LC��HRMS-based metabolomics, the metabolite
profile showed variation in antioxidant activity at different altitudes.
A 83 metabolites were identified in A. indica using LC��HRMS. PCA
can explain the distribution of metabolites in A. indica extracts based
on altitude differences. The compounds correlated to be active as
antioxidant activity in the extracts of A. indica are 4‑hydroxy-3-nitro-
phenylacetic acid; 3-aminosalicylic acid; 4-(L-alanin-3-yl)�
2‑hydroxy-cis,cis-muconate 6-semialdehyde; 4-oxoproline; glutaric
acid; 5,30-dihydroxy-6,7,8,40-tetramethoxyflavanone; D(+) -phenyl-
actic acid; peucenin and catechin.
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