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Abstract

The Minnieroot plant (Ruellia tuberosa L.) is widely used in traditional medicine to treat various ailments due to its
pharmacological properties due to it containing various metabolites. Further research is necessary to analyze the
metabolomic profiling of the ethanol extract of Minnieroot leaves using GC-MS. This research will help identify
metabolite compounds with therapeutic value and their pharmacological activities. The metabolite profile of the
Minnieroot leaf reveals 17 active compounds derived from three biosynthesis pathways: the pentose phosphate
pathway, the shikimic acid, and the mevalonate. The proportion based on the classification consists of 9 classes with the
most furan class. Among these, nine dominant compounds have been identified, including 5-Hydroxymethylfurfural; 2,6-
Octadien-1-ol, 3,7-dimethyl-, acetate; and Acetic acid. These compounds exhibit a variety of biological activities, which
have the potential for developing treatments based on these metabolites.
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1. Introduction

The Minnieroot plant (Reullia tuberosa L.) belongs to the Acanthaceae family and is known as Kencana Ungu in
Indonesia. It is widely utilized in traditional medicine [1], [2]. This plant is used to treat various ailments due to its
pharmacological properties, including antioxidant, antimicrobial, anticancer, anti-inflammatory, antifungal [3],
antidiabetic, antipyretic, antihypertensive, analgesic, and antidotal effects [4]. Additionally, Minnieroot is a component
of herbal beverages in Taiwan and serves as a thirst quencher [5], [2].

The diverse pharmacological activities of Minnieroot are attributed to the presence of secondary metabolites, such as
flavonoids, alkaloids, saponins, and steroids [6]. Noted [7] that the leaf extract of Minnieroot contains several secondary
metabolites with antidiabetic properties, functioning as amylase enzyme inhibitors, as well as exhibiting antifungal and
antioxidant activities. Additionally, [8] identified compounds in Minnieroot leaf extract, including hexadecanamide; 9-
octadecenamide; (Z)-octadecenamide; and 1,2-benzenedicarboxylic acid. Furthermore, according to [9], the essential oils
present in Minnieroot leaves including e-phytol, tributyl acetyl citrate; and heptacosane contribute to its therapeutic
effects.

To further elucidate the metabolite compounds and their bioactive functions, a metabolomics approach was employed,
utilizing metabolite profiling. Metabolite profiles are instrumental in identifying and characterizing the composition of
plant metabolites. Research conducted by [10] revealed four active compounds in the ethanol extract of Minnieroot
leaves: 9-octadecenamide; hexadecanamid; octadecenamide; and 1,2-benzenedicarboxylic acid, identified using Gas
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Chromatography Mass Spectrometry (GC-MS). According to [11], GC-MS is a widely used method for analyzing non-
target metabolite compounds.

Given its composition and beneficial pharmacological activity, Minnieroot is considered an important medicinal plant.
Therefore, further research is necessary to analyze the metabolomic profiling of the ethanol extract of Minnieroot leaves
using GC-MS. This research will help identify metabolite compounds with therapeutic value and their pharmacological
activities, contributing to the development of herbal medicines.

2. Materials and Methods

2.1. Plant Materials

Minnieroot leaf samples were collected in Jambu Ilir Village, Tanjung Lubuk District, Ogan Komering Ilir Regency, South
Sumatra Province, Indonesia. The research site is located at coordinates 3°28'18.5" South Latitude and 104°46'02.8"
East Longitude, in a lowland area.

2.2. Maceration and Extraction

Mature leaves from the 3rd to 5th positions on the shoot were selected from the Minnieroot plant. The leaf samples
were dried in a shaded area, protecting them from direct sunlight. After drying, the leaves were ground into a powder,
producing a material known as simplicia. Subsequently, 200 gs of simplicia was macerated with 1000 ml of 70% ethanol
for three days. The mixture was then filtered through filter paper, and the resulting filtrate was evaporated using an
evaporator to produce a thick extract.

2.3. Metabolite Content Analysis Using GC-MS

The extract from the Minnieroot leaves was analyzed using Gas Chromatography-Mass Spectrometry (GC-MS). A 0.1
mM sample was prepared by adding 2 ml of methanol (MeOH) and 2 ml of chloroform. This mixture was sonicated for
10 minutes and then centrifuged for 5 minutes at 10,000 rpm. The supernatant was then injected into the GC-MS system
following the Agilent 7890A gas chromatography protocol.

2.4. Data Analysis

The GC-MS data were analyzed to identify the chemical components, their structures, retention times, and relative areas.
The detected metabolites were further examined for their biosynthetic pathways, properties, and bioactive
characteristics using resources such as PubChem, KEGG, ChEBI, PlantCyc, and SpectraBase.

3. Results and Discussion

3.1. Metabolite Profile of Minnieroot Leaves (Ruellia tuberosa L.)

Analysis of the metabolite profile in the ethanol extract of Minnieroot leaves using GC-MS obtained results in a
chromatogram (Figure 1.). Then continued identification of the metabolite profile compounds with the conformity of
the MS spectrum with the database to determine the type of compound.
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Figure 1 Fingerprint of metabolite compounds of ethanol extract of Minnieroot (Ruellia tuberosa L.) leaves with GC-MS
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The fingerprint of metabolite compounds is based on the chromatogram in Figure 1. Seventeen detected compounds
and nine main compounds were obtained. Each compound at different retention times has varying compound
abundance. According to [12], GC chromatography can detect compounds with the lowest concentration, allowing for
the identification of secondary metabolites in plants with varying chromatograms and mass spectra. The dominant
compounds in Minnieroot leaves include: 5-Hydroxymethylfurfural (48.96%); 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate
(11.89%); Acetic acid (11.58%); 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl (8.37%); D-Limonene (4.57%); 2-
Furancarboxylic acid, hydrazide (2.04%); 1,4-Cyclohexanedimethanol (1.96%); 1-Octanol, 2-nitro (1.28%); 2,3-Anhydro-
d-mannosan (1.02%).

The dominant compound with higher abundance is 5-Hydroxymethylfurfural (5SHMF) with a total abundance of 48%.
This compound can be produced in plants in response to biotic or abiotic stress. The abundance of 5-HMF compounds
in plant metabolites can vary depending on the type of plant, growth conditions, and environmental factors. According
to [13], the phytochemical content of a plant is influenced by several factors such as genes, light, temperature, humidity,
pH, differences in altitude that can produce different compounds, and the type of solvent used.

3.2. Identification and Bioactivity of Metabolite Compounds of Minnieroot (Ruellia tuberosa L.) Leaves
The identification of metabolite compounds detected from Minnieroot leaves can be seen in Table 1, which explains the
class of metabolite compounds detected in Minnieroot leaves, abundance, and bioactivity based on several references.

Table 1 Identification of Compounds, Classification, and Bioactivity of Metabolites of Minnieroot (Ruellia tuberosa L.)
Leaves

Compound Names Area (%) Class Bioactivity References

Acetic acid 11.58 Alkanoic acid Antibacterial [14]

Acetic anhydride 0.7 Alkanoic acid Antimicrobial [15]

2-Propenoic acid, ethenyl ester 0.5 Cinnamic acid | Antibacterial, Anti- [16]
inflammatory

Furfural 2.16 Furan Antimicrobial, Antiviral, [17]
Antioxidant, Antitumor

Methylene cyclopropane 0.65 Alkanoic acid Antibacterial [18]

carboxylic acid

2-Furancarboxaldehyde, 5-methyl | 0.71 Furan Antioxidant, Antibacterial [19]

2,4-Dihydroxy-2,5-dimethyl-3(2H)- | 0.51 Flavonoid Antioxidant [20]

furan-3-one

D-Limonene 4.57 Monoterpene Antioxidant, Antimicrobial, [21]

Antifungi, Antiarrhythmic

2-Furancarboxylic acid, hydrazide | 2.04 Furan Antioxidant, Anticancer, [22]
Antibacterial

Ethanamine, N-ethyl-N-nitroso 0.85 Amino acid Antioxidant, Anticancer [23]
4H-Pyran-4-one, 2,3-dihydro-3,5- 8.37 Ketone Antioxidant, Antidiabetic [24]
dihydroxy-6-methyl

1-Octanol, 2-nitro 1.28 Cinnamic acid Antimicrobial [25]
5-Hydroxymethylfurfural 48.96 Furan Antioxidant, Antiproliferative | [26]
5-Hydroxymethylfurfural 2.25 Furan Antioxidant, Antiproliferative | [26]
2,6-Octadien-1-ol, 3,7-dimethyl-, 11.89 Monoterpene Antimicrobial [27]
acetate

2,3-Anhydro-d-mannosan 1.02 Pentosans Antiproliferative [28]
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1,4-Cyclohexanedimethanol 1.96 Cyclic Antioxidant, Antimicrobial [5]
Hydrocarbon

The metabolite compounds found in Minnieroot leaves consist of various organic compounds classified into categories
such as alkanoic acid, carboxylic acid, cinnamic acid, aldehyde, alkaloic acid, flavonoids, monoterpenes, phenols, primary
amines, benzoids, carbohydrates, and cyclic hydrocarbons, with cyclic hydrocarbons being the dominant class.
According to [29], different parts of the Ruellia tuberosa L. plant contain varying contents and amounts of bioactive
compounds. The leaves are notably rich in apigenin, luteolin, alkaloids, flavonoids, triterpenoids, steroids, and saponins.

The phytochemical properties of Minnieroot leaves offer numerous medicinal benefits. The leaves are particularly
known for their high antioxidant content, which [30] identify as a strong attribute of the extract. This quality can be
valuable in pharmacology for developing herbal medicines and combating free radicals. Additionally, the roots and
flowers of the Minnieroot plant contain compounds with antibacterial properties.

In summary, 17 active compounds have been identified in the extract from Minnieroot leaves, categorized into three
primary biosynthesis pathways. The comparison of these biosynthesis pathways for the active compounds present in
Minnieroot leaves is depicted in Figure 2.
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Figure 2 Metabolite Compounds Based on Biosynthesis Pathway in Minnieroot (Ruellia tuberosa L.) Leaves

Comparison of metabolite compounds from Minnieroot leaves based on biosynthesis pathways as shown in Figure 2
reveals that out of 17 active compounds, 6% are from the pentose phosphate pathway biosynthesis, while a larger
proportion, 53%, is from the shikimic acid pathway, and 41% from the mevalonate pathway. According to [31] Silalahi
(2017), groups of secondary metabolite compounds are formed from biosynthesis pathways with each precursor.
Secondary metabolites in plants can originate from the shikimic acid pathway, malonic acid pathway, mevalonic acid
pathway, and the methylerythritol phosphate pathway.

Based on the 17 biologically active compounds identified in Minnieroot leaves and traced through biosynthesis

pathways, 11 types of metabolite compound classes were obtained. A comparison of the classes of metabolite
compounds from Minnieroot leaves is presented in Figure 3.
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Figure 3 Metabolite Class of Metabolite Compounds in Minnieroot (Ruellia tuberosa L.) Leaves

Figure 3 shows the classification of various identified compounds into different classes. The distribution is as follows:
amino acid class 6%, monoterpene class 12%, flavonoids 6%, alkanoic acids 17%, cinnamic acids 12%, cyclic
hydrocarbons 6%, pentosans 6%, amino acids 6%, ketones 6%, and furan classes dominate at 29%.

Based on the analysis of active compounds present in Minnieroot leaves, they can be grouped as follows:

e Furan Compounds Group. The largest proportion of secondary metabolites in Minnieroot leaves belongs to
the furan group, accounting for 29%. Active compounds classified in this group include Furfural, 2-
Furancarboxaldehyde, 5-methyl-2-Furancarboxylic acid, hydrazide, and 5-HMF. These compounds are derived
from the biosynthesis of the shikimic acid pathway and exhibit various biological activities, including
antioxidant, antimicrobial, anticancer, antitumor, antiviral, and antiproliferative effects [17].

e Alkanoic Acids Group. The second largest group of secondary metabolites in Minnieroot leaves comes from
the alkanoic acid group, which comprises 17%. Active compounds in this class include acetic acid, acetic
anhydride, and methylene cyclopropane carboxylic acid. These compounds are synthesized through the
mevalonic acid pathway and demonstrate antibacterial activity [18].

e Cinnamic Acids Group. Secondary metabolites derived from the cinnamic acid group account for 12% of the
total compounds found in Minnieroot leaves. The active compounds included in this group are 2-Propenoic acid,
ethenyl ester, and 1-Octanol, 2-nitro. Like the furan compounds, these also arise from the shikimic acid pathway,
displaying a range of biological activities, such as antimicrobial, antibacterial, anesthetic, and anti-inflammatory
properties [16].

e Monoterpenes Group. Compounds from the monoterpene group are 12%, and the active compounds of this
group are D-Limonene and 2,6-Octadien-1-ol, 3,7-dimethyl-, and acetate. Monoterpene compounds come from
the biosynthesis of the mevalonic acid pathway which has biological activities including antimicrobial,
antioxidant, and antiarrhythmic [21].

e Flavonoid Group. Secondary metabolite compounds of Minnieroot leaves from the flavonoid group were
obtained as much as 6%. The active compound component of the flavonoid class, namely 2,4-Dihydroxy-2,5-
dimethyl-3(2H)-furan-3-one comes from the biosynthesis of the shikimic acid pathway. This compound has
biological activity as an antioxidant [20].

e Amino Acid Group. The secondary metabolites of Minnieroot leaves are amino acid groups, namely
Ethanamine, N-ethyl-N-nitroso compounds as much as 6% and are amino acids derived from the biosynthesis
of shikimic acid pathways. Ethanamine, N-ethyl-N-nitroso compounds function as antioxidants and anticancer
[23].

e Ketone Group. The ketone group comprises metabolites that also account for 6%. Active compound
components in the ketone class include 4H-Pyran-4-one and Z2,3-dihydro-3,5-dihydroxy-6-methyl. These
compounds are derived from the mevalonic acid biosynthesis pathway and have biological activities as
antioxidants and antidiabetics [24].

e Pentosan Group. Minnieroot leaf secondary metabolites include the pentosan group, specifically glucose 2,3-
Anhydro-d-mannosan, which constitutes 6% of the total. This glucose compound is derived from the pentose
phosphate biosynthesis pathway and exhibits antiproliferative activity [28].
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e (Cyclic Hydrocarbon Group. The compound 1,4-Cyclohexanedimethanol is a secondary metabolite compound
of Minnieroot leaves including the cyclic hydrocarbon group as much as 6%. This compound comes from the
biosynthesis of the mevalonic acid pathway with biological activity as an antioxidant and antimicrobial [5].

4., Conclusion

The metabolite profile of the Minnieroot leaf (Ruellia tuberosa L.) reveals 17 active compounds derived from three
biosynthesis pathways: the pentose phosphate pathway (6%), the shikimic acid pathway (53%), and the mevalonate
pathway (41%). The proportion based on the classification consists of amino acid class (6%), monoterpene (12%),
flavonoid (6%), alkanoic acid (17%), cinnamic acid (12%), cyclic hydrocarbon (6%), pentosan (6%), ketone (6%), and
the most furan class (29%). Among these, nine dominant compounds have been identified, including b5-
Hydroxymethylfurfural (48.96%), 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate (11.89%), Acetic acid (11.58%), 4H-Pyran-4-
one, 2,3-dihydro-3,5-dihydroxy-6-methyl (8.37%), D-Limonene (4.57%), 2-Furancarboxylic acid, hydrazide (2.04%), 1,4-
Cyclohexanedimethanol (1.96%), 1-Octanol, 2-nitro (1.28%), 2,3-Anhydro-d-mannosan (1.02%) These compounds
exhibit a variety of biological activities, including antioxidant, antimicrobial, antibacterial, anesthetic, anti-
inflammatory, antiviral, antitumor, anticancer, antiarrhythmic, antidiabetic, antifungal, and antiproliferative properties.
This suggests significant potential for developing treatments based on these metabolites.
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