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ABSTRACT

The quality of the ethanol extract of red betel leaves as a
medicinal plant is determined by secondary metabolites,
which are influenced by geographical conditions and the
plant growing environment. This study aims to classify red
betel from various regions in Indonesia based on secondary
metabolite fingerprint analysis and cytotoxicity values.
Observation of the diversity of secondary metabolites of the
ethanol extract of red betel leaves from seven different
regions (Banda Aceh, Bandung, Bogor, Malang, Samarinda,
Kendari, Jayapura) was carried out using a metabolomics
approach using liquid chromatography-mass spectroscopy
(LC-MS/MS) and determining cytotoxicity value using the
Brine Shrimp Lethality Test (BSLT) method. Secondary
metabolite fingerprinting analysis using cluster analysis with
dendrogram yielded 12 compounds with 3 sample groups
based on their region of origin, namely group 1 (Banda Aceh,
Samarinda, Jayapura); group 2 (Bandung, Kendari, Malang);
group 3 (Bogor). Group 1 samples identified eight
compounds that had the highest relative abundance values.
Group 2 samples identified 3 compounds that have the
highest relative abundance values. Group 3 samples had 1
compound with the highest relative abundance value. Each
compound has a different retention time. The cytotoxicity
value (LCso) of the ethanol extract of betel leaves was
obtained from the Banda Aceh and Malang areas (2.64
pMg/mL). The conclusions of this study based on the results
of secondary metabolite fingerprinting analysis and
cytotoxicity values identified 12 compounds with three
clusters of secondary metabolite diversity based on their
region of origin, namely group 1 (Banda Aceh, Jayapura,
Samarinda); group 2 (Bandung et al.); group 3 (Bogor).
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1. INTRODUCTION

Indonesia is a country with a high level of biodiversity. Biodiversity, which includes
genes, species, and living things, contains plants and animals spread throughout Indonesia.
Indonesia is estimated to have potential medicinal plants of 30,000 species, of which 940 have
been declared medicinal. This number represents 90% of the medicinal plants found in the
Asian region (Salim & Munadi, 2017). One of the medicinal plants that can be used is red
betel. Red betel contains active compounds such as flavonoids, alkaloids, tannins,
polyphenolics, and essential oils (Safithri et al., 2022). The active compounds contained in
the red betel plant. This plant to have much potential to treat various diseases, including its
potential as an antioxidant (Safithri et al., 2022), anti-inflammatory (Gong et al., 2021),
antihyperglycemic (Hasibuan et al., 2016), anticancer by inhibiting the proliferation of cancer
cells (Zulharini et al., 2018), anticancer colon in silico studies (Umar et al., 2023) antiviral
(Diniatik, 2011), antiobesity (Apritya et al., 2020), antibacterial (Mangesa & Irsan, 2020) and
also as an antidiabetic (Maha et al., 2020). Saraswati and Palupi (2019) show that red betel
leaves collected from Kupang, East Nusa Tenggara contain 35 compounds with % quality >
90%, and are dominated by 5 compound components with the largest % area, namely f-
Mirsen (13.80%), Linalool (3.29%), a-Thujen (1.52%), y-Terpinen (1.36%), cis-pB-Terpineol
(1.15%). The red betel plant from North Sumatra is used as a herbal medicine to treat diabetes
(Mindayani et al., 2020). The factors that influence the differences in the composition of the
compounds from each sample in different areas are the height of the sample growing location,
environment, climate, soil composition, and weather.

Research on the diversity of red betel plants in various regions has carried out research
with the antioxidant test method DPPH obtained ICso values successively from the smallest
to the largest, namely Bogor, Bandung, Jayapura, Aceh, Jogjakarta, Samarinda, Malang, and
Kendari with a value of 55.096 pg/mL (strong) very weak), and 479.286 pg/mL (very weak)
and total phenolic where the total phenolic is highest, namely the Malang area with a value of
12.570 mg GAE/g and the lowest is the Yogyakarta area with a value of 6.389 mg GAE/g
(Putri, 2022). The antioxidant test of the MDA-TBA method with the best results came from
Malang, namely the ethyl acetate fraction with an ICso value of 2.012 pg/mL, Yogyakarta,
namely the n-hexane fraction of 3,810 pg/mL, Bogor, namely 70% ethanol extract of 0.432
pg/mL and Bandung, water fraction of 2.508 pug/mL (Chairunisa, 2022). Another research
done by Umar et al. (2022 ) also supports the statement that the compounds in red betel leaves
have antioxidant activity because the DPPH test result from red betel leaves extracts showed
an 1Cso score of 47.45 ppm and classified in a solid antioxidant class. One simple test that can
be carried out is the toxicity test using the Brine Shrimp Lethality Test (BSLT) method to
determine the bioactivity potential of red betel leaves. Previous studies have been carried out
on boiled water of red betel leaves with an LCsp value of 544.82 ppm and 30% ethanol extract
of red betel leaves with an LCsg value of 435.29 ppm, while methanol extract of red betel
leaves has an LCso value of 27.40 ppm (Safithri et al., 2012).

Identification of metabolites present in natural products can use several methods,
namely the Fourier Transform InfraRed Spectroscopy (FTIR) method, High-Performance
Liquid Chromatography (HPLC), Gas Chromatography-Mass Spectrometry (GC-MS), and
Liquid Chromatography-Mass Spectrometry (LC-MS). Red betel samples were identified
using LC-MS/MS from different growing locations. It is considered due to the possibility of
differences in the compounds contained in each extract from different locations of the
samples. LC-MS/MS are two tools combined into one by performing identification and
quantitation, which reduces sample complexity and allows the separation of metabolites prior
to detection. The LC-MS/MS analysis principle separates a compound mixture based on its
polarity. The separate compounds are identified for their molecular weights, where the data
obtained from the analysis results using LC-MS/MS are in the form of molecular weights with
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the addition of some charge from the molecular weight of the solvent (Yuliana & Arianti,
2020).

The data obtained were processed by multivariate analysis, namely cluster or cluster
analysis. Cluster analysis is a technique that classifies objects into relatively homogeneous
groups called clusters. Cluster analysis, also called classification analysis or numerical
taxonomy, deals with grouping procedures where each object is only included in one cluster.
Cluster analysis aims to determine whether a data set contains subgroups or consists of one
group, determining the number of clusters in the data and the extent to which cluster
membership from sample observations can be classified accurately (Dalmaijer et al., 2022).
Research has been carried out on the bioactive potential of red betel leaves in various regions.
However, no one has identified secondary metabolites and red betel clustering based on the
similarity of secondary metabolites from each region. Therefore, it is necessary to conduct
this research to classify red betel from various regions in Indonesia based on the analysis of
secondary metabolite fingerprints and cytotoxicity values. This research’s benefit is knowing
the cytotoxic activity and similarity of secondary metabolites from various regions based on
their clustering.

2. METHODS
2.1. Tools and Materials

The tools used in this study were glassware, analytical balance, oven, micropipette,
desiccator, multiwell plates, magnifying glass, aquarium, lamp, LC-MS/MS Thermo
Scientific Vanquish Flex Ultra High-Performance Liquid Chromatography (UHPLC) tandem
Q Exactive Plus Orbitrap High-Resolution Mass Spectrometer (Thermo Fisher Scientific,
Waltham, United States) with the mobile phase used was 0.1% formic acid in water and 0.1%
acetonitrile in water, the stationary phase used was an Accucore TM Phenyl Hexyl LC
Column, 2.1 mm x 100 mm, 2.6 pum diameter (Thermo Fisher Scientific, Waltham, United
States), a laptop set with some software, namely Thermo Scientific XCalibur 4.2 (Thermo
Fisher Scientific Waltham, United States), Compound Discoverer 3.2 (Thermo Fisher
Scientific Waltham, United States), and The Unscrambler X 10.14 (CAMO Analytics, Oslo,
Norway).

The materials to be used in this study were red betel leaves from seven regions in
Indonesia, namely Banda Aceh, Bandung, Bogor, Malang, Samarinda, Kendari, and
Jayapura, distilled water, seawater, ethanol, shrimp larvae eggs (Artemia Salina Leach). The
sample preparation process to analyze red betel leaf ethanol extract using LC-MS/MS at the
LPPM IPB Excellence Research Laboratory.

2.2. Determination of Water Content and Extract Yield

Determination of the water content was carried out by preparing a porcelain cup that
had been cleaned and dried in an oven at 105 °C for 15 minutes. Then, the cup is cooled in
a desiccator and weighed as the empty weight of the cup. A total of 1 gram of red betel leaf
simplicia was put into a cup and dried using an oven at 105 °C for 3 hours, then cooled in a
desiccator for 15 minutes and weighed using an analytical balance.

The extract yield was carried out using dry test material as a powder, followed by an
extraction process with ethanol. Dried red betel leaves were carried out by weighing 10 g
and adding 40 mL of ethanol (1:4). The sample was homogenized until the solvent and
sample were mixed evenly using a shaker for 24 hours. The extract mixture was filtered to
obtain a filtrate; then, the filtrate was concentrated using a rotary evaporator at 50 °C to obtain
a paste-shaped extract. Extraction was carried out three times.
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2.3. Toxicity Test

Hatching of shrimp larvae. A total of 400 mL of seawater was filtered until clear.
Seawater is poured into an Erlenmeyer flask. As much as 2 g of A. salina Leach eggs were
put into an Erlenmeyer flask, irradiated with a lamp, and allowed to stand for 48 hours.

Preparation of stock and test solutions, 500 mL of seawater was filtered until clear.
30 mg of each sample was dissolved in 20 mL of seawater to make a stock solution of 4000
ppm. Dilutions were made for the test solutions with concentrations of 1000, 800, 600, 400,
200, 100, 50, and 10 ppm. Vortex the test solution until dissolved.

Toxicity test. 10 shrimp larvae in 1 mL of seawater were put into each well on the
test plate. Controls were made with seawater containing 10 shrimp larvae without additional
test solution. A total of 1 mL of the test solution was put into each well on the test plate. The
test plates were left for 24 hours, and the number of still-alive and dead prawns was counted.
The mortality of A. salina Leach larvae was analyzed using the Probit Minitab 19 for
Windows analysis program to determine the LCso value.

2.4. ldentification of Secondary Metabolites Using LC-MS/MS

Identification of metabolites refers to the method that has been carried out by Karomah
(2019). Compound discoverer software processed data from LC-MS/MS in RAW format.
The workflow is selected in the processing section for untargeted metabolomics with
statistics detected unknown with ID using a local database. Then add files in RAW form in
the workflow, and options appear, including selecting spectra, aligning retention time,
detecting unknown compounds, grouping unknown compounds, predicting composition,
searching mass lists, filling gaps, normalizing areas, and marking compound backgrounds.
The detected unknown compound section uses an m/z tolerance of 5 ppm and a minimum
peak intensity 2,000,000. In the search mass list, a manual database is used, then running is
carried out to identify the compounds in the extract.

2.5. Data analysis

Data in a RAW format consisting of retention time and peak intensity were transposed
on the data. After that, the range of the transposed data was defined. The defined range aims
to create a sample group according to the solvent. Furthermore, the data before and after
preprocessing are grouped using cluster analysis by creating a dendrogram. Data on shrimp
larvae mortality from the BSLT test were analyzed using the Probit analysis method to find
the lethality concentration at the 50% level (LCso), assuming a Weibull distribution and a 95%
confidence interval. Data processing uses the help of Minitab 19 for Windows software.

3. RESULTS AND DISCUSSION
3.1. Results

The water content of the simplicia obtained in this study varied from region to region
(Table 1). The highest water content measurement results were in the Bandung area, with a
value of 9.2%, and the lowest in Samarinda was 6%. The simplicia must be measured for its
water content to determine its quality and shelf life. Extract yield calculation is calculated
based on comparing the weight of the extract obtained with the simplicia used in the extraction
process. The highest yield percentage was found in the Bandung area, with a value of 19.42%,
and the lowest in the Malang area, with a value of 9.34%.
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Table 1 Water content and yield of red betel leaf ethanol extract

Sample Water Content (%) Yield (%)
Banda Aceh 6.86 £ 0.07 15.90 + 2.123P
Bandung 9.29+0.37 19.42 + 3.09°
Bogor 7.55+0.33 17.38 + 1.45%P
Malang 8.05+0.09 9.34 +0.50°
Samarinda 5.99 + 0.09 15.78 + 1.49%0
Kendari 6.10 £ 0.07 17.90 + 2.48%0
Jayapura 7.03+0.51 12.62 + 0.54P¢

Toxicity was carried out using the Brine Shrimp Lethality Test (BSLT) method using
A. salina Leach shrimp larvae as the object of observation. Red betel leaf extract from seven
regions is classified as very toxic or can be categorized as an active extract where the lowest
to highest LC50 values are respectively owned by red betel leaf extract from Malang (2.64
pg/mL), Banda Aceh (2.64 ug/mL), Samarinda (2.79 pg/mL), Bogor (4.65 pg/mL), Bandung
(5 pg/mL), Jayapura (6.47 pg/mL), Kendari (7.49 pug/mL) (Figure 1). These results were
supported by ANOVA statistical analysis, which showed that the seven red betel leaf extract
regions were significantly different (p-value <0.05) based on their toxicity. It shows that
differences in the region of origin of plant growth affect the differentiation of metabolites,
which is reflected in their bioactivity. The results of the Tukey test (o= 0.05) on the toxicity
of the ethanol extract of red betel leaves from seven regions showed that there were 4 groups:
(1) Kendari and Jayapura samples; (2) Jayapura and Bandung; (3) Bandung and Bogor; (4)
Samarinda, Malang and Banda Aceh; which are grouped based on the closeness of the LCsg
values they have (Figure 1).

? 7.49a
8 6.47a,b
; 1
g 6 5l_;:_,c
S
o 5
E 4 2.64d 2.64d 2.79d
(& 3 > -
2 3 [
2
1
0
Banda Aceh Bandung Bogor Malang Samarinda Kendari Jayapura
Sample
Figure 1 Lethal Concentration 50 (LCso) of Red Betel Ethanol Extract Based on
Toxicity Test (BSLT)
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The ethanol extract of red betel leaves from Banda Aceh has 5 compounds with the
highest relative abundance compared to 6 other regions (Table 2). Among the red betel leaves
tested, red betel leaves from Banda Aceh have the highest potential to isolate compounds. Red
betel leaves ethanol extracts from Bandung, Samarinda, and Kendari also have many
compounds that can be isolated. Aside from the Banda Aceh sample, which contains 5
compounds with the highest relative abundances, the Samarinda and Bandung samples contain
only 1 compound with the highest relative abundance. The sample from Kendari identified
many compounds but did not have a compound that had a dominant relative abundance.
Whereas the ethanol extract samples from Bogor, Malang, and Jayapura had fewer identified
compounds, the samples from Bogor identified 9 compounds, with 1 compound having the
highest relative abundance. Samples from Malang identified 11 compounds, with 2
compounds having the highest relative abundance. Samples from Jayapura identified 11
compounds, with 2 compounds having the highest relative abundance (Table 2).

The dendrogram describes the grouping of each sample based on measurement variables,
namely secondary metabolites identified by secondary metabolite fingerprinting analysis. The
cluster analysis results classified red betel from seven regions into three clusters based on the
region of origin (Figure 2). Red betel from Banda Aceh has the same secondary metabolite as
Samarinda and Jayapura. Red betel from Bandung has the same secondary metabolites as
Kendari and Malang. Red betel from Bogor is clustered independently because it has different
secondary metabolites from other regions.

Dendrogram
Complete Linkage, Euclidean Distance

0.004

_g“ 33.331
=
=
£
v

|
66.67 1
100.00
1 6 7 2 4 5 3
Sample : Observations

1:Banda Aceh 4:Kendari 7: samarinda

2 : Bandung 5 : Malang
3 : Bogor 6 : Jayapura

Figure 2 Dendrogram of Similarity of Secondary Metabolites of Red Betel Leaves from
Seven Regions in Indonesia
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Table 2 List of secondary metabolites of red betel ethanol extract in each sample

Compound name RT Relative abundance (%0)

(min)
Banda Aceh Bandung Bogor Malang  Samarinda Kendari Jayapura

(2S)-4-Methyl-2-({[(3S,4S,5R)-2,3,4-trihydroxy-5-
(hydroxymethyl)tetrahydro-2- 1.523 1.90 1.97 3.19 0.71 1.30 1.89 0.59
furanyllmethyl}amino) pentanoic acid

5-Hydroxytryptophol 2.015 1.04 0.42 - 0.85 0.86 1.04 3.67
DL-Tryptophan 4.946 1.15 1.19 ; 0.57 1.54 0.61 1.37
2-(4-Allyl-2,6-dimethoxyphenoxy)-1-(3,4,5-

trimethoxypheny!)-1-propanol 14.18 4.46 15.08 8.08 14.21 2.95 13.92 7.06
Tetrahydrocurcumin 15.33 0.95 0.93 0.62 1.35 0.38 0.76 1.22
Piperine 16.98 7.94 10.71 750  14.63 2.82 12.85 8.72
Hernanol 16.111 1.30 0.98 101 - 0.69 1.05 251
Piperanine 16.954 2.99 1.66 1.02 131 1.36 131 -
Schisandrin C 18.124 3.23 1.15 . 2.37 0.97 1.45 3.03
Xanthohumol 18.214 12.92 3.15 2.44 4.47 5.75 3.05 8.06
Fusarin C 18.225 4.35 1.03 0.51 0.62 2.10 1.00 2.31
Garcinone C 18.252 3.02 0.73 0.64 164 0.93 1.16 1.14
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Figure 3 Map of the Red Betel, Clusters in Indonesia: (1) Banda Aceh, Aceh; (2) Bogor,
West Java; (3) Bandung, West Java; (4) Malang, East Java; (5) Samarinda, East
Kalimantan; (6) Kendari, Southeast Sulawesi; (7) Jayapura, Papua.

3.2. Discussion

The results showed that the water content of the simplicia obtained varied from region
to region (Table 1). The highest water content measurement results were in the Bandung
area, with a value of 9.2%, and the lowest in Samarinda was 6%. The simplicia must be
measured for its water content to determine its quality and shelf life. According to BPOM
(2014), the water content of simplicia is said to be good if it is below 10%. Water content
above 10% or too high can cause decay and damage to the simplicia more quickly than the
water contained in the simplicia, so measuring the water content is very important
(Sulistiawati et al., 2016). The yield of the extracts produced in this study varied for each
region (Table 1). The highest yield was obtained from the Bandung area at 19.4% and the
lowest from Malang at 9.3%. Extract yield can be affected by the length of maceration, pH,
temperature, light, and the type of solvent used (Wahyuni & Widjanarko, 2015). The
mortality of the shrimp larvae obtained is closely related to the toxicity of the test extract
(Raharjo & Ningsih, 2015).

The bioactivity test of the ethanol extract of red betel leaves using the BSLT method
aims to determine the diversity of the composition of red betel secondary metabolites from
seven different regions based on their toxicity. The toxicity of the extract is expressed by
LCso (lethal concentration), the concentration of the tested extract that can kill 50% of the
population after a 24-hour incubation period. The lower the LCso, the higher the toxicity of
the extract or compound. According to Meyer et al. (1982), the crude extract was said to be
highly toxic if it had an LCsg value <100 pg/mL and was categorized as non-toxic if the LCso
value was > 1000 pg/mL. Meanwhile, according to Albuntana et al. (2011), an extract can
have the potential as an anticancer if it has an LCsg value <30 pg/mL. The results show that
the ethanol extract of red betel leaves has an LCso value below 30 pg/mL, which is included
in the very toxic category and reflected in its bioactive potential.
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Twelve metabolites were identified from the ethanol extract of red betel leaves with
different relative abundance percentages (Table 2). Geographical and environmental
characteristics in each area will make differences in genetics and bioactive compounds. It is
proven by the research of Sukandar and Widayat (2017) that plants from different places
contain different compounds. One of the differences in the percentage of relative abundance
can be influenced by the altitude factor, namely Banda Aceh, Aceh with a height of 2 meters
above sea level (05°16'15"-05°36'16" North Latitude, 95°16'15"-95° 22'35" East); Bandung,
West Java with an altitude of 768 meters above sea level (107° 36' E, 6° 55' S); Bogor, West
Java with an altitude of 330 meters above sea level (106°43'30" E - 106°51'00" E, 30'30" South
Latitude - 6°41'00" South Latitude); Malang, East Java with an altitude of 506 meters above
sea level (7.06° - 8.02° South Latitude, 112.06° - 112.07° East Longitude); Samarinda, East
Kalimantan with an altitude of 25 meters above sea level (0°21'81"- 1°09'16" S, 116°15'16"-
117°24'16" E); Kendari, Southeast Sulawesi with a height of 2 meters above sea level (3°54'40"
- 4°5'5" S, 122°26'33" - 122°39'14" E); Jayapura, Papua with an altitude of 287 meters above
sea level (137°27' - 141°41' E and 1°27' - 3°49'S).

According to Parfati and Windono (2017), red betel is classified into the kingdom
Plantae, Magnoliophyta division, class Magnoliopsida, family Piperales, Order Piperaceae,
Genus Piper, species Piper crocatum Ruiz & Pav. Red betel leaf extract contains various
phytochemical compounds, including essential oils, alkaloids, saponins, tannins, and
flavonoids. In addition, there are other compounds such as hydroxychavicol, cavicol,
cavibetol, carvacol, eugenol, p-synthes, cineol, caryophyllene, estragol kadimen, terpenene,
and phenyl (Novilia et al., 2018). Twelve secondary metabolites were identified from seven
regions, namely Banda Aceh, Bandung, Bogor, Malang, Samarinda, Kendari, and Jayapura,
which were analyzed using LC-MS/MS. Table 2 shows that all samples have specific typical
metabolites. The results showed that Indonesian red betel leaves, based on the similarity of
secondary metabolites, were divided into three main groups based on cluster analysis in the
form of dendrograms. Dendrograms can be reconstructed based on morphological similarity
indices and their compound components with close relationships between regions based on
metabolite content expressed by the Euclidean distance, starting from 10-100 with the equation
of the number of groups with the results of the dendrogram allegedly occurring due to the
character of the diversity of each plant phenotype (Purnomo & Khotimah, 2019).

These results indicate that red betel leaves from Banda Aceh have similarities with
Samarinda and Jayapura based on secondary metabolite profiles. The same environmental
conditions can cause the similarity of secondary metabolites. According to Husnhul Khatimah
in the book Tugu Khatulistiwa (2018), the provinces of Sumatra, Kalimantan, and Papua are
provinces that are traversed by zero degrees latitude or which are traversed by the equator
which will affect the condition of environmental factors, namely temperature. Following the
research of Moghaddam and Pirbalouti (2017), the metabolite content in plants is highly
dependent on the environmental conditions of growth. Environmental conditions can make a
significant contribution to variations in the content of metabolites in plants. Biogeographic
conditions could be one of the reasons Bandung, Malang, and Kendari become one cluster.
Climatic conditions and land topography in this area have similarities. Malang is an area that
has topography with a height of 506 meters above sea level. The soil types in this area are
reddish-brown latosol, blackish-gray alluvial, Mediterranean, brown andosol. Likewise, the
Bandung area is 768 meters above sea level with andosol and alluvial soil types. The Kendari
area has alluvial, glisol, litosol, and podzolic soil types. The same thing was also reported by
Purwanto and Rispriandari (2020): the metabolic pathway for the formation of secondary
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metabolites can be influenced by several external factors such as light, pH, altitude,
temperature, humidity, harvest time, and nutrition.  Soil types, pests/diseases, and
physiological conditions of plants will affect the level of secondary metabolite production in
plants (Zhang et al., 2021).

Bogor is clustered independently because it does not have the same secondary
metabolites as other regions. The rainfall condition with an average annual rate of 3500-4000
mm (BPS 2021) is relatively high, and humidity reaches 70%. Following Maulana and Herlina
(2020) that rainfall intensity has a strong effect on water reserves in the soil; this is because
the availability of water in the soil drives the rate of decomposition of organic matter and the
formation of soil structure so that root penetration can get nutrients deeper, which will affect
the components of secondary metabolites. According to Jains et al. (2017), plants' lack of
light intensity will affect secondary metabolites. Secondary metabolites synthesized as a plant
defense mechanism are produced in response to changes in temperature, drought, humidity,
salinity, UV radiation, and pathogens that function as detoxifying agents, allelopathic
compounds, and signaling molecules (Idris et al., 2018).

The dendrogram describes the grouping of each sample based on measurement variables,
namely secondary metabolites identified by secondary metabolite fingerprinting analysis. The
cluster analysis results classified red betel from seven regions into three clusters based on the
region of origin (Figure 2). The clustering results of the three red betel clusters may also occur
due to climate and soil topography, as in the study of (Andrianto et al., 2019). Green betel
from Sumber Baba and Demta are included in the same cluster because based on climate and
soil topography where Sumber Baba and Demta have the same climate and soil. Suliantari et
al. (2018) stated that the origin of the betel influences the active compounds in betel leaves.

4. CONCLUSION

Secondary metabolite profile analysis of ethanol extract of red betel leaves (Piper
crocatum Ruiz & Pav) using LC-MS/MS and integration of multivariate statistical cluster
analysis can be used to cluster the diversity of secondary metabolites based on their region of
origin. The quality of secondary metabolites of red betel leaves is influenced by various
environmental factors where the plant grows. The results of identifying secondary metabolites
of the ethanol extract of red betel leaves in seven regions showed twelve compounds detected.
Cluster analysis with a dendrogram yielded three clusters of secondary metabolite diversity
based on their region of origin, namely group 1 (Banda Aceh, Jayapura, Samarinda); group 2
(Bandung, Kendari, Malang); group 3 (Bogor). This is supported by the results of the BSLT
toxicity test through the Tukey statistical test, which classifies based on its bioactive potential
with the most active extracts from the Banda Aceh and Malang regions.
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