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ABSTRACT

This study aims to evaluate the morphological characteristics and phytochemical content of the
purple phenotype of G. globosa growing in two different locations: Denbantas Vilage (Tabanan
Regency) and Kesiman Kertalangu Vilage (Denpasar City). Samples were collected using
purposive sampling, while morphological analysis was based on Tjitrosoepomo's (2013)
description. Compound analysis was conducted using gas chromatography-mass spectrometry
(GC-MS). Morphologically, although the flower and leaf structures are similar, notable differences
were found in stem color and leaf surface texture. Phytochemical analysis revealed that the
Denbantas sample contained a dominance of saturated fatty acids such as n-Hexadecanoic acid,
Hexadecanoic acid ethyl ester, and Tetradecanoic acid ethyl ester, which are known to have
antibacterial, anti-inflammatory, and antioxidant activities. The detection of Butylated
Hydroxytoluene (BHT), a synthetic antioxidant, indicated potential protection against lipid
peroxidation. Conversely, Kesiman Kertalangu samples contain volatile and phenolic compounds
such as acetic acid, 2-Methoxy-4-vinylphenol, as well as heterocyclic compounds such as 2-
Ethylacridine and Indolizine, which function as antitumor and antimicrobial agents. The
presence of toxic compounds such as arsenous acid and tris(trimethylsilyl) ester indicates
potential heavy metal contamination from the environment. These chemical polymorphic
variations are influenced by genetic, geographic, and ecological factors. These findings
demonstrate the potential of G. globosa as a source of natural bioactive compounds and
cosmetics. However, further studies are needed on toxicological safety and the environmental
impact on the accumulation of secondary metabolites.
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1. INTRODUCTION

Gomphrena globosa L or known as ratna flower is a flowering plant from the Amaranthaceae
family that is widely known as an ornamental plant and herbal drink ingredient. It grows well in
various types of environments, both optimal and sub-optimal, and has various ethnopharmacological
benefits and commercial potential. In Bali, this flower is not only used as a decorative element in
traditional ceremonies and sacred dances, but has also begun to be studied for its use in the field of
natural pharmaceuticals and cosmetics (Darma et al., 2021). G. globosa plants have been reported to
contain active phytochemical compounds such as flavonoids, saponins, alkaloids, and betasianin that
have antioxidant, antibacterial, anti-inflammatory, and hepatoprotective activities (Tang et al., 2022;
Abbad et al., 2025).

The study by Kusmiati et al. (2017) showed that ethanol extract of ratna flower effectively
inhibited the growth of pathogenic bacteria such as Staphylococcus aureus and Escherichia coli in
concentrations as low as 1.25%. Traditionally, the plant is also used to treat asthma, headaches, and
eye infections (Rahardi et al., 2019).The purple phenotype of G. globosa in Bali is spread in several
areas such as the Denbantas area in Tabanan Regency and Kesiman Kertalangu in Denpasar City.
However, until now there has been no study that systematically characterises the morphology and
analyses the phytochemical content of this plant based on its growing location. Morphological studies
are important for identifying the potential diversity of local varieties, while phytochemical analysis,
especially by Gas Chromatography-Mass Spectrometry (GC-MS) method, enables the detection of
specific bioactive compounds underlying the pharmacological activity of plants (Chandrasekar et al.,
2021; Mroczek, 2015). Therefore, the present study aimed to (1) characterise the morphological
traits of purple-flowered G. globosa populations from two contrasting locations in Bali and (2)
compare the phytochemical compositions of their leaf and flower extracts using GC-MS. The results
are expected to provide a scientific basis for the development of this species as a raw material for
biopharmaceutical, cosmetic, and ornamental plant industries.

2. MATERIALS AND METHOD
2.1 Time and Place of Experiment

This study was conducted during the period of January to April 2025, with the sampling
location conducted in two representative areas in Bali, namely desa Denbantas (Tabanan Regency)
and desa Kesiman Kertalangu (Denpasar City). Phytochemical analysis of the samples was conducted
at the Laboratory of Genetic Resources and Molecular Biology, Udayana University. Furthermore,
instrumental testing of phytochemical compounds using Gas Chromatography-Mass Spectrometry
(GC-MS) was carried out at the Forensic Laboratory, Bareskrim POLRI Denpasar.

2.2 Experimental Materials and Tools

This study used field tools such as hoes, knives, scissors, rulers, and digital cameras for
documentation and morphological measurements. Laboratory equipment used included beakers,
measuring cups, test tubes, erlenmeyers, volumetric flasks, dropper pipettes, micropipettes, and
analytical scales. Blenders were used for sample homogenisation, while jars, plastic bags, filter paper
were used in storage and filtration.

Morphological colour identification was aided by The Royal Horticultural Society (RHS) Color
Chart. Phytochemical analysis was conducted using 96% ethanol solvent, and bioactive compounds
were analysed by Gas Chromatography-Mass Spectrometry (GC-MS) analysis was performed using
an Agilent 7890B gas chromatograph coupled with an Agilent 5977B mass selective detector (MSD),
equipped with a Wakosil ODS/5C18-200 silica column (4.6 x 200 mm). Nitrogen (N,) was used as
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the carrier gas. The column temperature was programmed from 70 °C to 290 °C. The initial oven
temperature was set at 70 °C and held for 3 minutes, followed by an increase at a rate of 10 °C per
minute until reaching the final temperature of 290 °C. The total analysis time was 27 minutes. The
injection volume was 1 mL, with a column flow rate of 1 mL/min. Samples of purple phenotype ratna
(G. globose) flowers were collected from two locations namely Denbantas, Tabanan and Kesiman
Kertalangu, Denpasar.

2.3 Experimental Method

This experiment used a survey method to collect information and data on G. globosa (ratna
flower) plants through a direct data collection approach, namely interviews with relevant
informants. Determination of the sample area was carried out using purposive sampling technique,
while plant sampling was carried out using simple random sampling method. Identification of plant
morphological characters refers to the guidelines of Tjitrosoepomo (2013). Phytochemical profiling
was performed using gas chromatography-mass spectrometry (GC-MS). Data were analysed
qualitatively based on retention times, similarity indices, and relative peak areas. Compound
identification was achieved by comparison with mass spectral libraries available in the GC-MS
database.

3. RESULT AND DISCUSSION
3.1. Morphological Characterisation

Observations of the purple phenotype of G. globosa in the Denbantas and Kesiman Kertalangu
areas show that the two populations have relatively similar morphological diversity. The main
differences were found in the variables of leaf surface colour and stem colour. Based on plant
morphological guidelines by Tjitrosoepomo (2013), the flower structure of G. globosa from both
locations has an ethopus flower arrangement (cyclical and twisted), strong purple flower colour, cob-
shaped compound flower type (spadix), and has compound pistils (compositus). This is in accordance
with the general characteristics of G. globosa as reported in the study of Dwiyani et al. (2023), who
found consistency in flower morphology in Bali at different altitudes.

Leaf morphology in both phenotypes showed a breech ovate leaf shape (obovatus), tapered leaf
tip, blunt leaf base (obtusus), and pinnate leaf bones. The leaf surface is covered with fine and dense
hairs (villosus). Notable differences are seen in the colour of the upper leaf surface. The phenotype
from the Denbantas area has a Brilliant yellowish green lower leaf surface colour, while the phenotype
from Kesiman Kertalangu has a Vivid yellowish green upper surface colour. This difference is thought
to be closely related to the growing environment. According to Tjitrosoepomo (2013), plant leaf
colour is strongly influenced by environmental factors such as water availability, nutrients, and
sunlight intensity. This is reinforced by the findings of Amalia et al. (2023), which states that the
expression of plant phenotypes is the result of interactions between genotypes and external
environmental factors.

Another characteristic observed is the surface of the stem in both phenotypes that are both
hairy (pilosus). However, there was a significant difference in stem colour: the phenotype from
Denbantas had Strong purplish red stems, while the phenotype from Kesiman Kertalangu showed
Brilliant yellowish green stem colour. Root morphology in young plants from both regions showed a
mixed root type, i.e. taproot accompanied by fibrous roots (radix primaria), with Dark grayish yellow
root colour. This difference may be due to variations in anthocyanin content and light conditions as
described by Alidust and Sedaghathoor (2020), who reported that differences in lighting and
moisture content affect the colouration of stem and leaf tissues of Amaranthaceae plants.
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The morphological characteristics of the purple phenotypes from Denbantas and Kesiman
Kertalangu are summarized in Table 1. Representative images of the phenotypes are presented in
Figure 1 (Denbantas) and Figure 2 (Kesiman Kertalangu). The morphological differences between
the two phenotypes can be more clearly observed in Figure 3.

Table 1. Qualitative Character Data of Purple Phenotype Ratna Flower Plants

Plant Phenotype Gomphrena globosa L

Observation Variable

Purple Denbatas Kesiman Kertalangu Purple
Flower arrangement stacked etopus stacked etopus
Flower Colour RHS 77B/218 Strong purple RHS 77B/218 Strong purple
Flowering type Cob-shaped compound flowers (spadix) Cob-shaped(g;;rg;}gund flowers
Stamen position Stamens on flower crown Stamens on flower crown
Pistil Compound pistil (compositus) Compound pistil (compositus)
Seed colour RHS 199A/95 Moderate Olive Brown 1S 1994/ Zfoﬁidemw Olive
Leaf Construct Breech ovate (obovatus) build Breech ovate (obovatus) build
Leaf tip shape Pointed Pointed
Shape of leaf base (Basis folii) Blunt (obtusus) Blunt (obtuse)
RHS 40 B/130/ Brilliant Yellowish RHS 40A/129/ Vivid Yellowish
Leaf upper surface colour
Green Green
Leafbone arran gement Pinnate leaf blade Pinnate leaf blade
(Nervatio)
. . . Smooth and tightly hairy
Leaf surface Smooth and tightly hairy (villosus) (villosus)
Traits . . . ;
Stem surface Hairy (Pilosus) Hairy (Pilosus)
. RHS 140C/130 Brilliant
Stem Colour RHS 71C/255 Strong Purplish Red Yellowish Green
Root Form Taproot-toothed (Radix Primaria) Retractable (Radix Primaria)
Root Colour RHS 199D/91 Dark Grayish Yellow RHS 199D<Z[1[0D;rk Grayish

Figure 1. Characteristics of Gomphrena globosa Denbantas purple phenotype. (A) Habitus, (B) Stem,
(C) Flower, (D) Leaf, (E) Branch, (F) Root, (G) Seed.
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Figure 2. Characteristics of G. globosa Kesiman Kertalangu purple phenotype (A) Habitus, (B) Stem,
(C) Flower, (D) Leaf, (E) Branch, (F) Root, (G) Seed.

Phenotype Ratna

Flower Color Leaf Color Stem Color Root Color Seed Color
Flower

Purple Denbatas

Purple Kesiman
Kertalangu

Figure 3. Differences in Characteristics of G. globosa Denbantas and Kesiman Kertalangu purple
phenotypes.

3.2 Phytochemical Analysis of Leaf and Flower Extracts of Pink Phenotypes Sibanggede and
Kesiman Kertalangu

Based on the results of phytochemical analysis of the flower extract of G. globosa purple
phenotype of Denbantas area, it is known that the main compounds contained include n-
Hexadecanoic acid (palmitic acid), Hexadecanoic acid ethyl ester, and Tetradecanoic acid ethyl ester.
These compounds belong to a group of saturated fatty acids that have been widely studied to have
various biological activities, such as antibacterial, antifungal, antioxidant, nematicidal, and
haemolytic and hypocholesterolemic activities (Sativa and Agustin, 2018; Sukarti et al, 2023).
Hexadecanoic acid (palmitic acid), in particular, is known to have the potential to lower the risk of
coronary heart disease and exhibit antitumour activity in vivo. In addition, this extract also contains
the synthetic compound Butylated hdroxytoluene (BHT), which is widely used as a synthetic
antioxidant in the food and pharmaceutical industries. Recent studies have shown that BHT has high
antioxidant activity and is able to inhibit lipid peroxidation effectively, even compared to some
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natural bioactive compounds. For example, a study by Al-Atbi et al. (2024) showed that azomethine
compounds had 26% lipid oxidation inhibitory activity, while BHT showed comparable or lower
inhibition ability at similar concentrations, indicating its effectiveness in inhibiting free radicals (Al-
Atbi et al, 2024). Meanwhile, in the flower extract of G. globosa purple phenotype of Kesiman
Kertalangu area, besides containing fatty acid derivatives, volatile compounds such as acetic acid, a
simple monocarboxylic acid with two carbons, were also found. Acetic acid has functions as a protic
solvent, acidity regulator, food preservative, and natural antimicrobial which is also used as a
metabolite in organisms such as Daphnia magna (Syarifuddin et al., 2023; PubChem, 2024).

Phenol group compounds such as 2-Methoxy-4-vinylphenol were also found and known to
have significant anti-inflammatory, antioxidant, analgesic, and antibacterial activities (Rubab et al.,
2020). The presence of these compounds strengthens the hypothesis that the purple phenotype
flowers of Gomphrena globosa from the Kesiman Kertalangu area have potential as a natural source
of bioactive compounds for herbal medicine development. GC-MS chromatogram analysis of purple
phenotype flowers from Denbantas and Kesiman Kertalangu revealed distinct differences in the
separation patterns of volatile compounds. In samples from Denbantas, the chromatogram exhibited
several dominant peaks at intermediate to late retention times, specifically at RT 8.322 min, 15.043
min, 15.833 min, 16.559-16.930 min, as well as peaks at RT 18.089 min and 24.179 min. These peaks
showed relatively high intensities, indicating the presence of major compounds with high abundance,
which are presumed to contribute significantly to the phytochemical characteristics of the purple
phenotype flowers from the Denbantas region. The predominance of peaks at intermediate to late
retention times suggests the presence of compounds with moderate to low volatility. In contrast, the
GC-MS chromatogram of purple phenotype flowers from Kesiman Kertalangu was dominated by
peaks at early to intermediate retention times, with major peaks observed at RT 5.614 min, 6.934
min, 8.644 min, as well as high-intensity peaks around RT 9.353 min and 9.536 min, followed by a
peak at RT 9.778 min. This pattern indicates that samples from Kesiman Kertalangu are relatively
richer in volatile compounds with lower molecular weights that elute more rapidly. The
phytochemical profiles and compound compositions of purple phenotype flower extracts from
Denbantas and Kesiman Kertalangu are further presented in Figures 4 and 5, and comprehensively
summarized in Table 2.
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Figure 4. Chromatogram of gas separation of Denbantas purple phenotype flower.
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Figure 5. Gas separation chromatogram graph of purple phenotype flower of-Kesiman Kertalangu.

Table 2. Compound content of Gomphrena globose flower extract of purple phenotype

Region Compound content RT AUC Compound Utilisation
Formula
Butylated 8322 244 510 pnioxidant (Al-Atbi et al, 2024)
Hydroxytoluene
Hexadecanoic acid, C18Hz6 02 Antitumour (Sativa and Agustin,
ethyl ester 15433 293 2018)
Anti-inflammatory,
n-Hexadecanoic acid ~ 15.044  2.29 C16 H3202 antispasmodic, anticancer,
antiviral (Fadillah, et al., 2020)
. Topical drugs that require good
Denbantas Tetrt;t;’;c;x:;:raad, 15.433  2.93 C14H280 absorption through the skin
Y (Pubchem, 2024;
C20H400 Colorectal anticancer (Sanora., et
Phytol 16.584 1.72 al 2019)
L’"Ole’;‘;;d ethyl 16959 o912 Gl Anticancer (Dutta et al., 2023)
%12 "’CtZ‘Cif;“d’e”"’c 169590 91z GOz cer (Lestari et al, 2019)
L CH203 Antibacterial, Antiproliferation,
Carbonic acid 5.614 5.614 (Saputri et al, 2020)
Antivirus, antibacterial, and
Carbamodithioic acid 5614 5614 CH3NS:2 antlfungal, in addition, antl.-HIV
and anti-tumour agent (Hoidy et
al,, 2020)
Kesiman acetic acid 8.644 576 C2H402 Antimicroorganism (Syarifuddin
Kertalangu etal, 2023)
Ethylalpha.-d- Has a role as a preservative
; 9.353 30.34 CsH1606
glucopyranoside (Karuppasamy, 2016)
Pentanoic acid 9.353 30.34 CsH1002 Antimicrobial (Oulai et al., 2018)
Antioxidant (Trang et al., 2021),
.alpha.-D- C7H1406 anti-inflammatory,
Galactopyranoside 9.778 1148 hepatoprotective, and

antimicrobial (Al-Snafi, 2016).

In the leaves of G. globosa purple phenotype, extracts from the Denbantas area contain major
phytol compounds and various types of fatty acids, such as palmitic acid and tetradekanoic acid,
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which have been shown to have anti-inflammatory, anticancer, antiviral, antihyperglycemic, and
antibacterial activities against Bacillus cereus (Fadillah et al, 2020). In addition, heterocyclic
aromatic compounds such as 2-Ethylacridine and Indolizine were also found. 2-Ethylacridine
compounds are known to have promising biological activities, including as antitumour,
antimicrobial, and antioxidant. Recent research by Javaid et al. (2021) showed that 2-Ethylacridine
identified from Vinca major plant extract has significant antimicrobial and antitumour properties, as
well as contribution to antioxidant activity. Biochemical assays suggest this compound could act as a
potential bioactive component in the development of novel therapeutic agents. Similarly, Indolizine
is a widely researched heterocyclic framework compound that exhibits anticancer, antiviral, and
anti-inflammatory activities through the mechanism of enzyme inhibition and interaction with target
cell DNA (Muthukrishnan et al., 2022).

In the leaf extract of Kesiman Kertalangu region, the main compound Z-10-Pentadecen-1-ol
was found as well as pungent acidic compounds such as propanamide, and the toxic compound
Arsenous acid, tris(trimethylsilyl) ester. Although arsenic compounds such as arsenous acid
(H3AsO3) are widely known to be toxic, in controlled concentrations and specific formulations,
arsenic-based compounds have been utilised in agriculture as pesticides, herbicides, and
antimicrobial agents. The historical use of these compounds is extensive, especially in the form of
arsenite and arsenate for pest control and weed growth. According to Genchi et al. (2022), arsenous
acid and arsenic oxide were widely used as active components in agricultural pesticides prior to
regulatory bans due to their impact on the environment and human health. Although their use is now
strictly restricted in many countries, arsenic compounds are still used on a limited basis in
agriculture and industry with strict toxicity control. The acetic acid found in purple leaves from the
Kesiman Kertalangu area has significant benefits as a natural antimicrobial agent. Acetic acid is a
monocarboxylic acid that not only functions as a protic solvent and acidity regulator in food, but also
shows antimicrobial activity against various pathogenic bacteria and fungi, as reported by Li et al.
(2016) in their toxicological study of food organic compounds. The chromatogram graphs of the
phytochemical compound content of purple leaf extracts from Denbantas and Kesiman Kertalangu
regions are shown in (Figures 6 and 7) (Table 3).

Figure 6. Gas separation chromatogram graph of purple phenotype leaves of Denbantas area
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Figure 7. Gas separation chromatogram graph of purple phenotype leaves of Kesiman Kertalangu area

Table 3. Compound content of purple phenotype Gomphrena globose plant leaf extracts

Region Compound Content RT AUC Compound Utilisation
Formula
Butylated 8327 112 M0 pnoxidant (Al-Atbi et al, 2024)
Hydroxytoluene
Anti-inflammatory,
n-Hexadecanoic acid ~ 15.041  9.87 C16H3202 antispasmodic, anticancer,
antiviral (Fadillah, et al.,, 2020)
Hexadecanoic acid, C18H3602 Antitumour (Sativa and Agustin,
ethyl ester 15437 389 2018)
Topical drugs that require good
Tetradecanoic acid, absorption through the skin
Denbantas ethyl ester 15437 3.89 CiaHze0 (Pubchem, 2024; Chemeurope,
2024).
C20H400 Colorectal anticancer (Sanora., et
Phytol 16.586 25.09 al 2019)
21215 16818 1674 07 Aptidiabestes (Linn et al, 1989).
Octadecatrienoic acid
Antioxidant, antimicrobial, anti-
Ethyl 9,12,15- 17012 1212  CwHuOz  inflammatory, (Aldakheel et al,
octadecatrienoate
2020)
Hexadecanoic acid, C1s8H3602 Antitumour (Sativa and Agustin,
ethyl ester 15451 126 2018)
Undecanoic acid, ethyl Treatment of dermatophytosis in
ester 15451 1.26 C1s Hz60 humans (Muflihunna et al, 2021)
Adsorption ability to air
pollutants and mild
Z-10-Pentadecen-1-ol 16.862 1.13 C15 H300 pharmacological effects due to its
] high lipophilic nature (Azizi et al,
Kesiman 2023)
Kertalangu : PN
%12 OCtZi?;adlenmc 16973 2.54 CieH3202 Anticancer (Lestari et al., 2019)
Linoleic acid ethyl 16973 254 C20H3602 Anti-inflammatory, antioxidant
ester ' ’ (Calder6n-Martinez et al., 2024)

Arsenous acid,

L o . As herbicide, pesticide, and
trls(trlmeth%/lsd){l] 22.631 33.62 C9H27AsOsSis rodenticide (Alhazmi et al., 2019)
ester (arsenic acid)

acetic acid 8.644 576 C2H402 Antimicroorganism (Syarifuddin

etal, 2023)
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Differences in the type and content of phytochemical compounds between flower and leaf
samples of the purple phenotype of plants in the Denbantas and Kesiman Kertalangu areas indicate
the existence of chemical polymorphism that is closely related to genetic, geographic, and ecological
factors (Casiglia et al., 2017). This variation reflects the complex dynamics between the environment
and plant secondary metabolism. Plant genotypes serve as the foundation for metabolite expression,
but the environment exerts significant selective pressure and physiological influence on the
biosynthesis of these active compounds.

Environmental stresses in the form of abiotic stresses such as extreme temperatures, drought,
salinity, or biotic stresses such as pathogen infection or pest attack can trigger changes in gene
expression in secondary metabolite biosynthetic pathways, which ultimately result in differences in
phytochemical content between organs and locations. Mahajan and Tuteja (2005) explained that
unfavourable environmental conditions are referred to as stress, and this can inhibit growth,
metabolism, and accelerate the production of protective compounds by plants. A recent study by
Singh and Mina (2025) showed that variations in phytochemical content in Withania somnifera plants
exposed to temperature stress were accompanied by an increase in antioxidant activity, especially in
leaf and root organs, proving that the plant's response to the environment is very specific to its body
parts. Similarly, the study by Ogwu et al. (2025) emphasised that environmental stress also affects
the concentration and diversity of bioactive compounds, depending on the plant organ and stage of
physiological development.

These two studies support the conclusion that phytochemical variation not only reflects
differences in geographical location, but is also the result of dynamic interactions between plant
genetics and the ecological stresses it experiences. Therefore, understanding environmental stress
and its effect on secondary metabolite biosynthesis is important in the exploration of plants as
natural sources of bioactives for pharmaceutical, food and cosmetic applications.

4. CONCLUSIONS

This study demonstrates that purple-flowered Gomphrena globosa populations from
Denbantas and Kesiman Kertalangu exhibit both morphological and phytochemical variation
associated with local environmental conditions. While floral structures and leaf morphology were
largely conserved, significant differences in stem pigmentation and leaf surface colour were
observed. GC-MS profiling revealed marked chemical polymorphism between sites and plant organs.
Denbantas accessions were characterised by high levels of saturated fatty acids and antioxidant-
related compounds, whereas Padang Galak samples contained greater proportions of volatile acids,
phenolics, and heterocyclic metabolites with antimicrobial and antitumour potential. The occurrence
of arsenic-derived compounds in some samples highlights the importance of environmental
monitoring and toxicological evaluation prior to pharmaceutical or cosmetic exploitation. Overall,
these findings support the potential of G. globosa as a valuable natural resource while underscoring
the strong influence of ecological factors on secondary metabolite biosynthesis.
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