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The Nampu plant (Homalomena rostrata Griff) is recognized for its diverse beneficial properties, which are primarily
attributed to its secondary metabolite content. This study investigates the effect of tissue culture techniques on the
metabolite profile of Nampu leaves, utilizing Murashige and Skoog (MS) medium supplemented with plant growth
regulators kinetin and 2,4-D at a 2:2 mg/L ratio. The results indicate a positive growth response with successful
callus induction. Thin Layer Chromatography analysis revealed distinct profiles between tissue-cultured and non-
cultured leaves, with the former exhibiting unique spots indicative of additional compounds. The presence of steroid
compounds was confirmed through the Liebermann-Burchard reaction, while ultraviolet visible spectrophotometry
indicated absorbance peaks at 255 nm and 292 nm, suggesting the presence of chromophoric groups. Furthermore,
infrared spectroscopy identified key functional groups, including a carbonyl (C=0) group at 1739.79 cm!,
characteristic of steroid structures. These findings underscore the potential of Nampu as a source of bioactive
compounds and highlight the effectiveness of tissue culture in enhancing secondary metabolite production, paving

the way for further pharmacological exploration of this plant.

1. INTRODUCTION

The Nampu plant (Homalomena rostrata Griff) is a member of the
Araceae family, renowned for its attractive leaf shape (attractive size
and color) and ability to thrive in various environmental conditions. Its
morphological description includes upright stems and broad and oval-
shaped leaves. This plant is generally found in tropical rainforests,
especially in moist and shaded areas [1]. Its natural habitat contributes
to the diversity of flavonoid compounds produced.

The traditional uses of the Nampu plant are highly varied. In addition
to being an ornamental plant, parts of this plant are utilized in
traditional medicine for various health issues, including digestive
disorders and inflammation. The economic value of this plant is also
increasing, coinciding with the growing public interest in ornamental
plants and herbal medicines [2]. Further research into the secondary
metabolite production of this species could open new avenues for the
development of herbal products.

Research can exhibit that the Nampu plant contains various bioactive
compounds that may contribute to its medicinal properties. For
instance, studies have indicated that flavonoids and other phenolic
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compounds present in the plant can exhibit antioxidant and anti-
inflammatory activities [3]. These properties are particularly relevant
in the context of traditional medicine, where such compounds are often
sought for their therapeutic benefits. The increasing interest in natural
remedies has led to a resurgence in the study of plants like Nampu,
which could serve as a source of new herbal products [4].

Moreover, the economic potential of the Nampu plant is underscored
by its dual role as both an ornamental purpose and a medicinal plant.
As consumer preferences shift toward natural and organic products,
the demand for plants with both esthetic and health benefits is likely
to grow. This trend presents opportunities for local farmers and
businesses to cultivate and market Nampu, thereby enhancing its
economic viability [5]. The Nampu plant (. rostrata Griff) is not only
valued for its ornamental appeal but also for its traditional medicinal
uses. Exploring its chemical composition and pharmacological
activity could enhance its economic value and lead to the development
of innovative herbal products that cater to the growing demand for
natural remedies. The pharmacological potential of this plant can be
attributed to its secondary metabolite content, which serves as an
active compound in plant defence and exhibits biological effects in
humans.

Tissue culture is a sophisticated technique employed for the propagation
of plants under sterile laboratory conditions, allowing researchers to
isolate and culture plant cells, tissues, or organs in suitable media.
This method is particularly beneficial for the conservation of rare
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species and the development of superior varieties, as it enables the
production of genetically uniform plants. This is crucial in preserving
genetic diversity and ensuring the availability of valuable plant
species for future generations. The influence of culture conditions on
the production of secondary metabolites is important. Factors such as
media composition, light intensity, temperature, and the presence of
growth hormones can markedly affect both the quantity and quality
of secondary metabolites produced in tissue culture systems. For
instance, the choice of culture medium can provide essential nutrients
and growth factors that are crucial for the optimal growth of plant cells
and tissues. In addition, light conditions can influence photosynthetic
activity and, consequently, the biosynthesis of secondary metabolites,
which are often derived from primary metabolic pathways [6].

Previous studies have demonstrated that the addition of specific
hormones to culture media can enhance the production of flavonoids
and alkaloids in several plant species. For example, the incorporation
of auxins and cytokinins in varying concentrations has been shown to
stimulate cell division and differentiation, leading to increased yields
of valuable secondary metabolites [7,8]. Furthermore, the manipulation
of environmental factors, such as temperature and light duration, can
also lead to significant concentration variations in metabolite profiles.
Highlighting the need for a thorough understanding of optimal culture
conditions to maximize secondary metabolite production [9,10]. Tissue
culture techniques can yield a wider variety and higher quantities
of secondary metabolites compared to conventionally grown plants.
This enhanced production potential presents exciting opportunities
for developing new applications in pharmaceuticals, nutraceuticals,
and other industries. Secondary metabolites, such as flavonoids,
alkaloids, and terpenoids, are known for their bioactive properties
and have been widely studied for applications in pharmaceuticals,
nutraceuticals, and cosmetics. The ability to produce these compounds
in a controlled environment through tissue culture not only ensures a
consistent supply but also enables the exploration of novel compounds
that may have been previously difficult to obtain from traditional
cultivation methods [11]. Tissue culture is a powerful tool for both
plant propagation and the production of secondary metabolites. By
carefully manipulating culture conditions, the yield and diversity of
valuable compounds can be enhanced, opening new possibilities in
medicine, agriculture, and biotechnology. The careful manipulation of
culture conditions can lead to significant enhancements in the yield
and diversity of valuable compounds, paving the way for innovative
applications in various fields, including medicine, agriculture, and
biotechnology.

Preliminary studies on the in vitro propagation of Homalomena
aromatica Schott., an endangered aromatic medicinal herb native
to Northeast India, have demonstrated its potential to enhance plant
availability and conservation efforts. Tissue culture techniques provide
a controlled environment for the propagation of this species, which
is crucial given its endangered status and the increasing demand
for its medicinal properties. One significant study by Raomai et al.
demonstrated successful in vitro propagation of H. aromatica through
rhizome axillary bud multiplication [12]. The researchers cultured
rhizome bud explants on Murashige and Skoog (MS) medium
supplemented with various concentrations of cytokinins to induce
multiple shoot formation for micropropagation. The highest number
of shoots was achieved in MS medium supplemented with 2.0 mg/L
6-benzylaminopurine (BAP) [12].

There have been no documented instances of callus induction in
H. rostrata Griff plants using the growth regulators 2,4-D and

kinetin. This research explores the potential for in vitro propagation
and the production of valuable secondary metabolites. Tissue culture
techniques enable the controlled growth of plant cells, tissues, or organs
under sterile conditions, which is particularly beneficial for species
like H. rostrata that are difficult to propagate through conventional
methods. This approach not only facilitates the rapid production of
plants but also ensures genetic uniformity, which is essential for
conservation and commercial applications.

2. MATERIALS AND METHODS

2.1. Materials

MS medium (Himedia, India), Indole-3-butyric acid (IBA) (Himedia,
India), 2,4-Dichlorophenoxyacetic acid (2,4-D) (Himedia, India),
1-Naphthylacetic acid (NAA) (Himedia, India), pineapple extract,
kinetin (Himedia, India), BAP (Himedia, India), silica gel 60 F254
(Merck, Germany), 10% H,SO, in methanol (Merck, Germany), and
Ferric chloride (FeCl,) (Merck, Germany).

2.2. Preparation of Nampu Leaves

2.2.1. Determination of nampu plant

The determination of the plant was conducted at the Herbarium
Bogoriense, Botany Division, LIPI Research Centre, Bogor, confirming
that the specimen is indeed the Nampu plant (H. rostrata Griff).

2.3. Tissue Culture of Nampu Leaves

2.3.1. Sterilization of space and instrument

The culture space was cleaned by spraying the working surface
with 70% alcohol. The tools to be used were sterilized by washing
them thoroughly with detergent and then air-drying. Once dry, they
were wrapped in paper (except for culture bottles) and placed in an
autoclave at 121°C for 15 min. Planting tools such as tweezers and
scalpels could be sterilized again by heating over a spirit flame after
being dipped in 70% alcohol before planting (the process is repeated
between each use).

2.3.2. Sterilization of distilled water and culture media

The media and distilled water used were first sterilized in an autoclave.
Distilled water was sterilized in culture bottles sealed with plastic and
autoclaved for 15 min at 121°C. The culture media to be used were
sterilized in the autoclave at the same temperature and pressure for
15 min. The basic medium used was the MS medium.

2.3.3. Preparation of media
The preparation of the MS medium involved weighing the MS
components, placing them into a measuring flask, and adding distilled
water to the appropriate level.

2.3.4. Optimization of sterilization of nampu rhizome explants
The nampu rhizome was washed with running water and then soaked
in a 70% alcohol solution for 1 minute to clean its outer surface.
Subsequently, it was immersed in a mixture of three drops of Tween
and various soaking times in 2% hypochlorite, specifically for 5 min,
7 min, and 10 min. To cleanse the internal tissues of the plant, it was
then rinsed with sterile distilled water for 1 min in three portions.

2.3.5. Plant growth regulators (PGRs) to MS media
The growth hormones (PGRs) used in this study included NAA and
BAP [Tables 1-4].

The MS media solution, once thoroughly mixed, was assessed for
acidity using a pH meter. If the acidity of the medium was found to
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Table 1: Concentration of NAA: BAP used on Nampu leaves.
NAA: BAP concentration (mg/L)

0:1 0.5:0 1:0 1.5:0
0:5 0.5:1 1:1 1.5:1
0:10 0.5:5 L:5 1.5:5

0.5:10 1:10 1.5:10

NAA: [-Naphthylacetic acid, BAP: 6-benzylaminopurine.

Table 2: Concentration of IBA: Kinetin used on Nampu leaves.
Concentration IBA: Kinetin (mg/L)

0.5:1 0.75:1.5

1:1 1.5:1.5

1:0.5 1.5:0.75

IBA: Indole-3-butyric acid.

Table 3: Concentration of 2,4-D: Pineapple extract used on Nampu leaves.
2,4D (mg/L): Pineapple extract (%)
0.5:15
1:15
1.5:15

Table 4: Concentration of 2,4-D: Kinetin used on Nampu leaves 2,4-d:
Kinetin (mg/L).

2,4 D: Kinetin (mg/L)
0:1 1:0 1:2 2:1
0:2 1:1 2:0 2:2

be <5.4, a few drops of 1 N NaOH solution were added; conversely, if
the medium exhibited an acidity >5.8, several drops of 1 N HCI were
added to achieve the desired acidity.

A gelling agent was added once the pH of the media solution was
adjusted to the desired level. The solution was heated until it came to a
boil. The heated media solution was then transferred into culture bottles
and sealed with aluminium foil. The filled bottles were autoclaved for
15 min at 121°C. The autoclaved media were stored in a cool place
for a period before being utilized for planting. This storage aimed to
ascertain the presence or absence of contamination within the culture
media before the planting of explants.

2.3.6. Sterilization of nampu leaf explants

Nampu leaves were washed with running water, soaked ina 70% alcohol
solution for 1 min to clean the outer surface of the plant, followed by
immersion in a mixture of three drops of Tween and 2% hypochlorite
for 5 min to clean the internal tissues of the plant, and then rinsed with
sterile distilled water for 1 min in three portions.

2.3.7. Culture of nampu leaves

Explants were cut to a size of 1 x 1 cm (each growth regulator substance
was repeated 3 times), with the edges of each piece wound before
planting them into MS media containing various growth hormones.
The bottles were then tightly sealed and placed in an incubator at a
temperature of 25°C.

2.4. Preparation of Nampu Leaf Extract from Tissue Culture

The preparation of Nampu leaf extract was performed using a cold
extraction method, specifically maceration with sonication using a

series of solvents, including n-hexane, ethyl acetate, and methanol.
A quantity of dried simplicia from the tissue culture was placed into
a vial, and n-hexane solvent was added until fully submerged. This
was left for 20 min. The filtrate was then filtered, and the residue was
re-macerated with ethyl acetate until submerged and treated similarly
to the n-hexane. The resulting filtrate was re-macerated with methanol
until it was fully submerged, and then it was filtered.

2.5. Analysis of Secondary Metabolites

The concentrated extracts of Nampu leave from tissue culture and
simplicia were dissolved in their respective solvents and then spotted
on a GF254 silica gel plate measuring 5 x 7 cm. A developing
solvent of n-hexane and ethyl acetate (7:3) was used and saturated
in a chamber for elution with the specified developing solvent on the
silica plate. Subsequently, spraying was performed using 10% H,SO,
in methanol, Lieberman-Burchard, FeCl,, and citroborate. The Thin
Layer Chromatography (TLC) profile of the extract from the tissue
culture of Nampu leaves was compared with that of the extract from
Nampu leaves growing in their natural habitat.

2.6. Isolation of Secondary Metabolites Using Preparative TLC

A silica gel slurry was prepared by mixing 25 g of silica gel 60 F254
with 50 mL of distilled water (1:2). This mixture was vigorously shaken
in a stoppered Erlenmeyer flask for approximately 90 s until it became
homogeneous. The silica slurry was then poured and spread onto a
glass plate, followed by a 24-h resting period in an oven at 106°C for
30-60 min. The saturation of the developing solvent was performed
using a 7:3 ratio of n-hexane and ethyl acetate, which was placed
in a chamber and allowed to saturate for 60 min. Subsequently, the
n-hexane fraction extract was spotted onto the silica plate in a series,
forming a band as the starting line for development (1-2 cm from
the bottom edge). During the elution phase, the plate containing the
sample spots was placed in the saturated developing solvent chamber
and left until the elution process reached the edge of the plate (1-2 cm
from the top edge). Afterwards, it was removed and allowed to dry.

2.7. Identification of Isolate Structure

The identification of the isolated structure was conducted using UV-Vis
spectrophotometry to determine the wavelength and infrared (IR)
spectroscopy to ascertain the main functional groups present in the sample.

2.7.1. Absorption of isolate in ultraviolet visible (UV-Vis)
spectrophotometry

The sample was dissolved in a solvent that does not absorb in the UV-
Vis spectrophotometry range. Identification was performed using UV-Vis
spectrophotometry to determine the wavelength of the sample exposed to
light, thereby identifying the functional groups present within the sample.

2.7.2. Method for determining functional groups using IR
spectrophotometry

The sample was placed in a KBr pellet, mixed with KBr at a
concentration of 0.1-2.0% by weight of the mixture, and then ground
in a mortar and pressed to eliminate any air trapped within the mixture.
The instrument employed for this analysis was Fourier Transform
Infrared Spectroscopy (FTIR).

3. RESULTS

3.1. Optimization of Sterilization

The optimization of sterilization for the rhizome of the Nampu plant
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was conducted by varying the soaking time in sodium hypochlorite at
a concentration of 2% v/v for durations of 5, 7, and 10 min. However,
this optimization did not yield optimal sterilization results due to the
high water content in the rhizome, which led to browning.

The sterilization of nampu leaves was performed using sodium
hypochlorite at a concentration of 2% v/v for 5 min. This condition
was deemed relatively ideal for sterilizing the Nampu leaves, as
excessively high concentrations of hypochlorite and prolonged soaking
times could damage the plant cell tissues. Sterilization of leaf explants
was achieved by soaking them in 70% alcohol for 1 min.

3.2. Callus Induction

The induction of the explants was carried out by planting the Nampu
leaf explants in a medium supplemented with various types of PGRs
at different concentrations. The PGRs utilized in this study included
NAA-BAP, 2,4-D-Kinetin, 2,4-D-pineapple extract, IBA-Kinetin, and
a control medium without PGR supplementation.

The variation in PGRs that provided the best development of the
explants was found to be NAA: BAP (1.5:10 mg/L), 2,4-D-Kinetin
(2:2 mg/L), 2,4-D: Pineapple extract (0.5:15000 mg/L), IBA: Kinetin
(0.5:1 mg/L), and the control without PGRs. The leaf explants without
PGR treatment, serving as the control, on day 33 displayed curling and
a yellowish-green color [Figure 1]. The development of the explants
using the PGR NAA: BAP (1.5:10 mg/L) on day 98 showed that the
leaves were nearly curled, and the upper surface of the leaves appeared
white, with no callus formation observed [Figure 2]. In the case of the
leaf explants treated with the 2,4-D-Pineapple extract (0.5 mg/L:15%)
on day 68, the campus leaves had not undergone any morphological
changes, although the leaf color had faded [Figure 3]. The results
of tissue culture using the PGR 2,4-D-Kinetin (2:2 mg/L) on day 33
indicated that the leaf explants were curling and the callus was brown

[Figure 4]. The leaf explants treated with the medium containing
IBA-kinetin (0.5: 1 mg/L) on day 41 exhibited curling, accompanied
by brown callus [Figure 5].

The optimal ratio of kinetin to 2,4-D can vary based on the species
being cultured. Kinetin, a type of cytokinin, plays a vital role in cell
division, while 2,4-D, an auxin, facilitates the initial formation of callus
from explants. Numerous studies support the significance of these
growth regulators in enhancing morphogenetic responses in tissue
culture systems. Research has shown that varying concentrations and
combinations of PGRs have a significant influence on callus induction.
The percentage of callus growth in the medium supplemented with
growth regulators is 90%, indicating a potential presence of steroid
compounds within the callus.

According to Masekesa et al., reducing the ratio of 2,4-D to kinetin has
been linked to a shift in developmental response from callus formation
to direct organogenesis, particularly in species like sweet potato and
wheat [13]. Similarly, various combinations, such as those tested by
Rodiansah et al. for garlic, confirm that specific concentrations of
auxins and cytokinins are essential for effective callus induction [14].
These findings are echoed by Slazak ef al., which highlight the role
of indirect organogenesis through callus formation, emphasizing the
importance of appropriate PGR ratios in achieving high regeneration
rates [15].

3.3. Analysis of Secondary Metabolites from callus

The extraction method employed for the leaves of Nampu, derived
from tissue culture, utilized the maceration extraction technique
combined with sonication, owing to the minimal weight of the tissue-
cultured leaves. In contrast, the extraction of Nampu leaves without
tissue culture was conducted using a maceration method without the
use of sonication. This study employed the maceration technique, a
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Figure 1: The growth of Nampu leaf explants on Murashige and Skoog medium.
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Figure 2: The growth of Nampu leaf explants on Murashige and Skoog medium + NAA: BAP (1.5:10).
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Figure 3: The growth of Nampu leaf explants on Murashige and Skoog medium + 2.4 D: Pineapple extract (0.5:15000 mg/L).
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Figure 4: The growth of nampu leaf explants on MS medium + 2,4D: Kinetin (2:2).

cold extraction process, which is anticipated to preserve the integrity
of the compounds by avoiding heat exposure. Both types of leaves
were subjected to maceration in succession. N-hexane was employed
to extract non-polar compounds, followed by ethyl acetate for semi-
polar compounds, and finally methanol for polar compounds.

Dried simplicia were submerged in n-hexane until fully immersed.
For the tissue-cultured Nampu leaves, the immersion was maintained
for 24 h, while for the Nampu leaves without tissue culture, the
duration was extended to 24 h. Subsequently, the filtrate was filtered,
and the residue was re-macerated with ethyl acetate until it was fully
submerged, then treated in the same manner as with n-hexane. The
resultant filtrate was then re-macerated with methanol until fully
immersed and subsequently filtered.

The viscous extracts from both types of Nampu leaves underwent
secondary metabolite analysis via TLC using the same developing
solvent. The developing solvent employed for eluting both extracts
was a mixture of n-hexane and ethyl acetate in a ratio of 7:3. The TLC
profiles of both extracts were compared and sprayed with Lieberman—

Burchard reagent, citroborate, and FeC,. The TLC profiles obtained
from the tissue-cultured Nampu leaves and those without tissue culture
exhibited distinct chromatographic patterns.

Visually, the tissue-cultured Nampu Callus was not detected due to
its low metabolite content; however, spots were observed under UV
light at 365 nm [Figure 6]. The visualization agent used was 10%
H,SO, in methanol, followed by heating on the plate. The heating
process evaporated the solvent and facilitated the detection of organic
compounds, as indicated by a color change after heating. In contrast,
the Nampu leaves without tissue culture displayed a slight brown
color change, whereas several tissue-cultured Nampu leaves were
not visually detectable due to the low concentration of the extract. In
addition to the universal visualization agent, analyses were conducted
using specific visualization agents, including Lieberman—Burchard,
Anisaldehyde, corroborate, and FeCl, [Figures 7 and 8].

Detection using Lieberman—Burchard resulted in a visual color change
to pink, suggesting the presence of steroid compounds in both the
Nampu leaves and those derived from tissue culture. The presence
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1.00 - 1.00
0.90 - 0.90
0.81 - 0.81
0.72 = - 0.72
0.63 - 0.63
0.54 - 0.54
0.45 - 0.45
0.36 - 0.36
0.27 L 0.27
0.18 -0.18
009 - 0.09
1.00 L 1.00
0.90 - 0.90
0.81 L 0.81
0.72 L 0.72
0.63 L 0.63
0.54 L 0.54
0.45 L 0.45
036 L 0.36
0.27 L 0.27
0.18 L 0.18
0.09 [ 0.09

1.00
0.90
0.81
0.72
0.63
0.54
0.45
0.36
0.27
0.18
0.09

1.00
0.90
0.81
0.72
0.63
0.54
0.45
0.36
0.27
0.18
0.09
i) k

Figure 6: Thin layer chromatography results using the mobile phase n-hexane: ethyl acetate (7:3) in the control (MS medium). 1: N-hexane extract, 2: Ethyl

acetate extract, 3: Methanol extract, 4: N-hexane extract of nampu leaves from tissue culture, 5: Ethyl acetate extract of nampu leaves from tissue culture,
6: Methanol extract of nampu leaves from tissue culture. (a) Visual, (b) ultraviolet (UV) 365 nm, (c) UV 254 nm, (d) H,SO, spot appearance (Visual), (¢) H,SO,
spot appearance (UV 365 nm), (f) Lieberman—Burchard spot appearance (Visual), (g) Lieberman—Burchard spot appearance (UV 365 nm), (h) Citroborate spot
appearance (Visual), (i) Citroborate spot appearance (UV 365 nm), (j) Citroborate spot appearance (UV 254 nm), (k) FeCl, spot appearance (Visual).
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Figure 7: Thin layer chromatography using the mobile phase n-hexane: ethyl acetate (7:3) in NAA: BAP. 1: N-hexane extract, 2: Ethyl acetate extract,

3: Methanol extract, 4: N-hexane extract of nampu leaves from tissue culture, 5: Ethyl acetate extract of nampu leaves from tissue culture, 6: Methanol extract

of nampu leaves from tissue culture, (a) Visual, (b) ultraviolet (UV) 365 nm, (c) UV 254 nm, (d) H,SO, spot appearance (Visual), (¢) H,SO, spot appearance

(UV 365 nm), (f) Lieberman—Burchard spot appearance (Visual), (g) Lieberman—Burchard spot appearance (UV 365 nm), (h) Citroborate spot appearance

(Visual), (i) Citroborate spot appearance (UV 365 nm), (j) Citroborate spot appearance (UV 254 nm), (k) FeCl, spot appearance (Visual).

of polyphenolic compounds in Nampu leaves was indicated by the
visualization agent FeCl,, which produced a black color on heating,
with polyphenols in the Nampu leaves detected in the ethyl acetate
and methanol extracts. Furthermore, citroborate was used to detect the
presence of flavonoids, as evidenced by bright blue fluorescence under
UV light at 365 nm [Figures 9 and 10].

In the n-hexane fraction of the callus obtained from the kinetin-2,4-D
medium (2:2 mg/L), a subsequent separation stage was conducted using
preparative TLC, employing a method for the separation and adsorption

of compounds on silica gel measuring 20 x 20 cm (total plate size).
The application of the sample was performed along the length of the
plate, resulting in a band-like appearance upon elution. TLC was
undertaken to isolate and amplify the yield of the produced compounds.
The results indicated a band with an Rf value of 0.72, which exhibited
blue fluorescence under UV light at 365 nm; the band is faintly visible
under visual inspection or at UV 254 nm. The product obtained from
the TLC was scraped off and dissolved using the developing solvent,
specifically a mixture of n-hexane and ethyl acetate (7:3), followed by
filtration and subsequent TLC testing [Figure 11].
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Figure 8: Thin layer chromatography using the mobile phase n-hexane: ethyl acetate (7:3) on PGR 2.4D: Pineapple extract. 1: N-hexane extract, 2:

Ethyl acetate extract, 3: Methanol extract, 4: N-hexane extract of nampu leaves from tissue culture, 5: Ethyl acetate extract of nampu leaves from tissue

culture, 6: Methanol extract of nampu leaves from tissue culture, (a) Visual, (b) ultraviolet (UV) 365 nm, (c) UV 254 nm, (d) H,SO, spot appearance (Visual),

(e) H,S0, spot appearance (UV 365 nm), (f) Lieberman-Burchard spot appearance (Visual), (g) Lieberman-Burchard spot appearance (UV 365 nm), (h)

Citroborate spot appearance (Visual), (i) Citroborate spot appearance (UV 365 nm), (j) Citroborate spot appearance (UV 254 nm), (k) FeCl, spot appearance
(Visual).

3.4. Identification of Isolate Structure

The identification of the initial stages of the isolate was conducted
using UV-Vis spectrophotometry at wavelengths ranging from
200 to 400 nm, employing a solvent analogous to the developing
agent, specifically n-hexane: ethyl acetate (7:3). The examination
results indicated that the isolate exhibited absorbance at wavelengths
of 255 nm and 292 nm. This absorbance suggests the presence of
chromophoric groups within the isolate that undergo m-to-m*
transitions, which also contribute to absorbance in the K band or
conjugated bonds. The K band arises from compounds containing a

conjugated system. All types of conjugated components exhibit strong
absorption of UV radiation in the wavelength range of 220-350 nm
[Figure 12].

The identification of advanced stages using IR spectroscopy
involves analyzing the functional groups of a compound within
the range of 4004000 cm™. The spectrum obtained is a result of
transitions between different vibrational energy levels when the
sample is absorbed. The resulting data are derived from a graph of
wavenumber, which continuously varies across a narrow region of
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Figure 9: Thin layer chromatography using the mobile phase n-hexane: ethyl acetate (7:3) on PGR 2,4D: Kinetin. 1: N-hexane extract, 2: Ethyl acetate extract,

3: Methanol extract, 4: N-hexane extract of nampu leaves from tissue culture, 5: Ethyl acetate extract of nampu leaves from tissue culture, 6: Methanol extract

of nampu leaves from tissue culture, (a) Visual, (b) ultraviolet (UV) 365 nm, (c) UV 254 nm, (d) H,SO, spot appearance (Visual), (¢) H,SO, spot appearance

Table 5: Frequency range of nampu plant callus isolates.

(UV 365 nm), (f) Lieberman—Burchard spot appearance (Visual), (g) Lieberman—Burchard spot appearance (UV 365 nm), (h) Citroborate spot appearance
(Visual), (i) Citroborate spot appearance (UV 365 nm), (j) Citroborate spot appearance (UV 254 nm), (k) FeCl, spot appearance (Visual).

the electromagnetic spectrum plotted against percentage transmittance

_ (T%). The identification using this instrument reveals the presence of

1

2
3
4
5

802.39 cm-! C=C bending and Ar-H C=C bending and Ar-H at a wavenumber of 802.39 cm™". The presence
1226.73 cm-! C- bending in aromatic compounds of C— C bending in aromatic compounds is observed at a wavenumber
1365.60 o CH of 1226.73 cm™. The C-H stretching in aliphatic -CH>- appears at
. = 2=
1365.60 cm™. The C-H stretching in aliphatic -CHs- is indicated at a
1465.90 cm™! -CHs- .
wavenumber of 1465.90 cm™. The presence of carbonyl in ketones
1739.79 cm™! carbonyl in ketones

isdemonstrated ata wavenumberof 1739.79 cm™! [Figure 13 and Table 5].
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Figure 10: Thin layer chromatography using the mobile phase n-hexane: ethyl acetate (7:3) on the ZPT IBA: Kinetin. 1: N-hexane extract, 2: Ethyl acetate

extract, 3: Methanol extract, 4: N-hexane extract of nampu leaves from tissue culture, 5: Ethyl acetate extract of nampu leaves from tissue culture, 6: Methanol

extract of nampu leaves from tissue culture, (a) Visual, (b) ultraviolet (UV) 365 nm, (¢) UV 254 nm, (d) H,SO, spot appearance (Visual), (¢) H,SO, spot

appearance (UV 365 nm), (f) Lieberman—Burchard spot appearance (Visual), (g) Lieberman—Burchard spot appearance (UV 365 nm), (h) Citroborate spot

appearance (Visual), (i) Citroborate spot appearance (UV 365 nm), (j) Citroborate spot appearance (UV 254 nm), (k) FeCl, spot appearance (Visual).
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Figure 11: Profile of the chromatogram for preparative thin layer
chromatography of nampu leaf callus from kinetin - 2,4-d medium.
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Figure 12: Ultraviolet-visible spectrum of the isolate.
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Figure 13: Infrared spectroscopy spectrum of the isolate.

4. DISCUSSION

4.1. Optimization of Sterilization

The optimization of sterilization for the rhizome of the Nampu
plant was conducted by varying the soaking time in a 2% sodium
hypochlorite solution for durations of 5, 7, and 10 min. Despite these
efforts, the results indicated that the sterilization process was not
optimal, primarily due to the high water content in the rhizome, which
resulted in browning and compromised tissue integrity. The browning
observed in the rhizomes can be attributed to the enzymatic activity
of polyphenol oxidases (PPO), which are activated in the presence
of oxygen and can lead to the oxidation of phenolic compounds,
resulting in discoloration [14]. In the context of plant tissue culture, it
is crucial to strike a balance between sterilization efficacy and tissue
quality preservation. Prolonged exposure to sodium hypochlorite 2%
(durations 5 min) can exacerbate tissue damage, as observed in other
studies where extended treatment durations led to increased browning
and reduced viability of explants [16]. This suggests that while sodium
hypochlorite 2% (durations 5 min) is effective for surface sterilization,
its penetration into high-water-content tissues may be insufficient,
leading to incomplete sterilization and subsequent browning.
Furthermore, the choice of sterilization agent and its concentration
play a significant role in the outcomes of the sterilization process.

The sterilization of nampu leaves was performed using sodium
hypochlorite at a concentration of 2% v/v for 5 min, which was
identified as a relatively ideal condition for effective sterilization. This
specific concentration and duration were chosen to minimize potential
damage to the plant cell tissues, which can occur with excessively
high concentrations of hypochlorite or prolonged soaking times. In
addition, a 70% alcohol solution was utilized for the sterilization of
leaf explants for 1 min, a method that is well-established in plant
tissue culture for its efficacy in reducing microbial contamination
without significantly harming the plant tissues [17,18]. The choice
of sodium hypochlorite 2% (durations 5 min) as a sterilizing agent
is supported by its broad-spectrum antimicrobial properties, making
it effective against a variety of pathogens. However, it is crucial to
optimize the concentration and exposure time to avoid adverse effects
on plant tissues. Studies have shown that higher concentrations or
extended exposure can lead to cellular damage, browning, and reduced

viability of explants [19,20]. Moreover, the use of 70% alcohol for a
brief exposure time is consistent with established protocols in plant
tissue culture. Alcohol acts by denaturing proteins and disrupting
cell membranes, effectively reducing microbial load without the
harsh effects associated with more potent disinfectants [21,22]. This
method is effective in various plant species, providing a balance
between sterilization efficacy and tissue preservation [23,24]. The
findings from this study align with the literature, suggesting that the
optimization of sterilization conditions is essential for maintaining the
viability of plant tissues during in vitro culture. For example, Manea
et al. noted that the effectiveness of sterilization methods can vary
significantly based on the specific characteristics of the plant material,
including moisture content and tissue structure [17]. This highlights
the importance of tailoring sterilization protocols to the specific needs
of different plant species. The sterilization of Nampu leaves using
2% sodium hypochlorite for 5 min, coupled with a 1-min exposure
to 70% alcohol, represents a balanced approach to achieving effective
sterilization while minimizing damage to plant tissues. Studies indicate
that the soaking time can significantly influence the efficacy of
sterilization; experimenting with durations of 5, 7, and 10 min in a 2%
sodium hypochlorite solution demonstrated that increased exposure
times can lead to browning and tissue integrity issues, particularly
due to the high water content within the rhizome tissues The use of
a 2% sodium hypochlorite solution for 5 min appears to be efficient
for nampu leaves, variations in sterilization techniques are necessary
for the rhizomes. These variations must accommodate the distinct
properties of the rhizome to overcome the challenges of browning and
integrity compromise.

4.2. Callus Induction

The observation that leaf explants without PGR treatment displayed
curling and a yellowish-green color by day 33 highlights the critical
role of hormonal regulation in plant tissue culture. The absence of
PGRs can lead to suboptimal growth responses, as seen in various
studies where explants exhibited poor morphogenic responses when not
supplemented with appropriate growth regulators [25,26]. This aligns
with findings that the source of the explant significantly influences in
vitro responses, suggesting that endogenous hormone levels and their
responsiveness can vary between different plant organs [25]. In the
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context of nampu leaf explants, curling and discoloration may indicate
stress responses resulting from inadequate nutrient uptake or hormonal
imbalance. Research has shown that leaf explants can regenerate
more effectively when treated with a combination of auxins and
cytokinins, which promote cell division and differentiation [26]. For
instance, studies on other species have demonstrated that the addition
of specific PGRs can enhance shoot regeneration and overall explant
viability, thereby preventing the curling and yellowing observed in the
control group [26]. Moreover, the use of sodium hypochlorite 2% as
a sterilizing agent is crucial in preventing microbial contamination,
which can further exacerbate stress responses in explants. Sodium
hypochlorite 2% is known for its broad-spectrum antimicrobial
activity, but its concentration and exposure time must be carefully
optimized to avoid phytotoxic effects [27,28]. Inappropriate
concentrations can lead to tissue damage, which may contribute to the
curling and yellowing observed in the control explants [28]. Studies
have indicated that lower concentrations of sodium hypochlorite 2%
can be effective in maintaining tissue integrity while still providing
adequate sterilization [28]. The physiological responses of plant
tissues to sterilization and growth conditions are complex. They
can be influenced by multiple factors, including the type of explant,
the concentration of growth regulators, and the sterilization method
employed [29]. For example, it has been reported that explants
excised from younger tissues tend to regenerate more effectively due
to higher levels of active growth hormones, which could mitigate
the adverse effects observed in the control explants [29]. The curling
and yellowish-green color of the nampu leaf explants without PGR
treatment underscores the importance of hormonal regulation in plant
tissue culture.

The development of nampu leaf explants using the PGRs NAA and BAP
at a ratio of 1.5:10 mg/L on day 98 revealed significant morphological
issues, including nearly curling leaves and a white appearance on the
upper surface, with no callus formation observed. These observations
suggest that the chosen concentrations and combinations of PGRs
may not have been optimal for promoting healthy growth and
regeneration in the explants. The curling of leaves can be indicative
of several physiological stresses, often linked to hormonal imbalances
or inadequate nutrient uptake. In plant tissue culture, the balance
between auxins (like NAA) and cytokinins (like BAP) is crucial for
regulating cell division and differentiation [30,31]. When the ratio
of these hormones is not conducive to the specific needs of the plant
tissue, it can lead to abnormal growth patterns such as curling and
discoloration. For instance, studies have shown that excessive cytokinin
levels relative to auxins can lead to uncontrolled cell division [32,33].
While excessive cytokinin levels can lead to issues such as shoot
proliferation and related developmental disorders, the phenomenon of
leaf curling has multifactorial origins that extend beyond hormonal
influences. Nutrient balance and environmental factors play critical
roles in determining leaf morphology and health, establishing a
complex interplay that requires careful manipulation in agricultural
practices to optimise both plant health and productivity [34]. High
BAP concentrations can lead to excessive shoot formation, resulting
in abnormal growth patterns, such as leaf curling. However, cytokinin-
induced cell division typically leads to shoot formation rather than leaf
curling. This phenomenon has been documented in various plant species
where in vitro conditions lead to reduced photosynthetic efficiency
due to low light levels or suboptimal nutrient conditions [35,36]. The
absence of callus formation further indicates that the explants were
not responding favorably to the applied PGRs, which is essential for
successful regeneration in tissue culture [37,38]. In the context of
Nampu leaf explants, the lack of callus formation could be attributed

to the specific genotype’s response to the PGR combination used.
Research has shown that the efficacy of PGRs can vary significantly
among different plant species and even among cultivars within the
same species [39]. For example, in Brassica species, the regeneration
capacity is highly genotype-dependent, and specific combinations
of BAP and NAA have been shown to yield better results in specific
genotypes compared to others [30,40].

The timing of PGR application and the physiological state of the
explants at the time of treatment can significantly influence the
outcomes. Studies have indicated that younger tissues often respond
better to PGR treatments compared to older tissues, which may have
reduced regenerative capacity [41,42]. Therefore, the age and health
of the explants used in this study could have played a significant role
in the observed results. The development of nampu leaf explants
under the specified PGR conditions highlights the complexity of plant
tissue culture and the necessity for careful optimization of growth
regulator concentrations and combinations. In plant tissue culture, the
optimization of growth regulator combinations is crucial for effective
regeneration and somatic embryogenesis. An essential aspect of this
optimization process is the synergistic interaction between cytokinins
and auxin hormones, particularly 2,4-D. Research indicates that the
combination of cytokinins and 2,4-D plays a pivotal role in enhancing
shoot regeneration efficiency in various plant species. For instance,
Ivarson et al. report that auxins, including 2,4-D, when paired with
cytokinins such as BAP or zeatin, lead to significantly higher shoot
regeneration rates compared to the application of either hormone
alone [43]. The interaction between high endogenous cytokinin levels
and exogenous auxins is multifaceted. Elevated cytokinin levels can
interfere with auxin function by modifying its biosynthesis, transport,
and signaling pathways, leading to significant developmental
implications [44]. The potential of fine-tuning PGR applications is
supported by empirical evidence across various disciplines in plant
sciences. As agricultural practices demand crops that can withstand
climate variability and abiotic stresses, the nuanced application of
PGRs specific to species requirements will be essential for sustainable
cultivation practices [45].

The treatment of nampu leaf explants with 2,4-D and pineapple extract
(0.5 mg/L: 15%) on day 68 resulted in no significant morphological
changes, although a noticeable fading of leaf color was observed.
This lack of morphological development, despite the presence of
2,4-D, suggests that the concentration and combination of growth
regulators may not have been optimal for inducing callus formation
or promoting growth in these explants. 2,4-D is a synthetic auxin
commonly used in plant tissue culture to induce callus formation and
promote cell division. However, its effectiveness can vary significantly
depending on the concentration and the specific plant species being
cultured [46,47]. In some cases, lower concentrations of 2,4-D are
more effective for callus induction compared to higher concentrations,
which can lead to tissue necrosis or other adverse effects [48,49]. The
absence of callus formation in the current study may indicate that the
concentration of 2,4-D used was insufficient to trigger the necessary
physiological responses in the nampu leaf explants.

The fading of leaf color could be attributed to several factors, including
the potential degradation of chlorophyll due to stress or inadequate
nutrient uptake. Previous studies have indicated that prolonged
exposure to certain growth regulators can lead to chlorosis, particularly
when the explants are not receiving adequate light or nutrients [50,51].
The interaction between auxins and environmental conditions is
critical, as the balance can significantly influence the physiological
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state of the explants [52]. Moreover, the combination of 2,4-D with
other growth regulators, such as cytokinins, has been shown to
enhance callus induction and growth in various plant species [53,54].
The lack of morphological changes in the nampu explants may suggest
that the absence of cytokinin, which promotes cell division and shoot
formation, could be a limiting factor in the regeneration process [55].
For instance, studies have demonstrated that the presence of cytokinins
in conjunction with auxins can lead to improved callus formation and
shoot regeneration, highlighting the importance of optimizing the
hormonal balance in tissue culture media [56,57].

The endogenous levels of plant hormones in the explants themselves
may also play a role in their response to exogenous growth regulators.
High levels of endogenous auxins can inhibit the effectiveness of
exogenous 2,4-D, potentially leading to a lack of response [58,59].
This phenomenon has been observed in other species, where the
presence of high endogenous auxin levels correlated with reduced
callus formation and regeneration capacity [60,61]. The lack of
morphological changes and the fading of leaf color in nampu leaf
explants treated with 2,4-D and pineapple extract suggest that the
applied concentrations and combinations of growth regulators were
not conducive to promoting growth or callus formation. Pineapple
(Ananas comosus) extracts contain various bioactive compounds,
such as bromelain and antioxidants, that may interact with PGRs.
The antioxidant capacity of pineapple extracts is primarily attributed
to the synergistic action of multiple compounds, which may amplify
the action of PGRs by promoting metabolic pathways involved in
plant growth [62]. For instance, studies have shown that PGRs, such
as gibberellins, can enhance metabolic activities, including cellular
respiration, which may be supported by the antioxidants present in
pineapple extract, leading to improved growth performance under
specific conditions [63]. Conversely, the interaction dynamics can
be complex. High concentrations of pineapple extracts may lead to
morphological changes and physiological disruptions caused by
osmotic stress or nutrient imbalances. This phenomenon has been
observed in various plant studies, suggesting that the balance between
beneficial and inhibitory effects depends on the concentrations used,
which may overwhelm the plant’s physiological resilience [64].

The results of tissue culture using the PGRs 2,4-D and Kinetin in a
2:2 mg/L ratio on day 33 indicated that the leaf explants exhibited
curling, and the formed callus was brown. One of the primary studies
worth noting is the work by Raomai et al., who successfully reported
the in vitro propagation of H. aromatica via rhizome axillary bud
multiplication. Utilizing MS medium supplemented with cytokinins,
this research established multiple shoot formation, crucial for the
micropropagation of this aromatic medicinal herb [12]. The use of
PGR 2,4-D and Kinetin in a 2:2 mg/L in inducing Homalomena spp.
callus. These observations highlight several critical aspects of plant
tissue culture, particularly regarding the effects of hormonal balance on
explant morphology and callus quality. The curling of the leaf explants
can be attributed to the hormonal imbalance created by the specific
concentrations of 2,4-D and Kinetin used. While 2,4-D is an auxin
that promotes cell elongation and division, excessive levels can lead
to abnormal growth patterns, including curling and necrosis [65,66].

Studies have shown that high concentrations of auxins can induce
stress responses in plant tissues, resulting in morphological [67]. In
contrast, Kinetin, a cytokinin, is known to promote cell division and
shoot formation. However, when used in conjunction with high levels
of auxins, it can lead to an imbalance that favors callus proliferation
over normal shoot development, potentially resulting in the observed

curling [13,68]. The browning of the callus is another significant
concern, as it often indicates tissue stress or senescence. Browning
in callus cultures can be caused by several factors, including phenolic
compound accumulation, which is a typical response to wounding
or tissue damage [45,69]. The presence of phenolic compounds can
lead to oxidative stress, resulting in browning and reduced viability of
the callus [70]. In this context, the combination of 2,4-D and Kinetin
may have triggered such stress responses, leading to the observed
browning of the callus tissue. Moreover, the choice of PGRs and
their concentrations is crucial for successful callus induction and
regeneration. Previous studies have indicated that a balanced ratio
of auxins and cytokinins is essential for optimal callus formation
and subsequent plant regeneration [71,72]. For instance, lower
concentrations of 2,4-D combined with Kinetin have been shown
to enhance callus quality and reduce browning compared to higher
concentrations [73]. This suggests that the specific ratio of 2,4-D to
Kinetin used in this study may need to be adjusted to improve the
overall health and viability of the callus.

The physiological state of the explants at the time of treatment can
significantly influence their response to PGRs. Young, actively
growing tissues generally respond better to hormonal treatments than
older or stressed tissues [74,75]. Therefore, the age and health of the
nampu leaf explants used in this study could have contributed to the
adverse outcomes observed. The curling of the leaf explants and the
browning of the callus in response to the 2,4-D and Kinetin treatment
underscores the importance of optimizing PGR concentrations and
ratios in plant tissue culture. Callus browning poses a significant
challenge in plant tissue culture, adversely affecting the proliferation
and viability of callus cultures, particularly in species that are
rich in secondary metabolites. This browning can be attributed to
various factors, including enzymatic reactions, oxidative stress, and
the accumulation of phenolic compounds. The roles of PPO and
peroxidase in this process have been extensively studied, highlighting
their contributions to the browning phenomenon during in vitro
culture [76]. In applying strategies to mitigate browning, such as pH
adjustment and the inclusion of sucrose, researchers have found that
optimizing culture conditions can enhance cell growth and reduce
phenolic stress, thereby minimizing browning [77].

The treatment of nampu leaf explants with IBA and Kinetin at a
ratio of 0.5:1 mg/L on day 41 resulted in curling of the leaves and
the formation of brown callus. These observations raise important
considerations regarding the effects of PGRs on the morphology and
quality of callus tissue in plant tissue culture. The curling of the leaf
explants can be attributed to the hormonal interactions between IBA
and Kinetin. IBA is primarily an auxin that promotes root formation
and cell elongation, while Kinetin, a cytokinin, is involved in cell
division and shoot development [51,78]. When these two hormones
are applied in an unbalanced ratio, as seen in this study, the resulting
physiological stress can lead to abnormal growth patterns, such
as leaf curling [79]. Previous research has indicated that a higher
concentration of cytokinins relative to auxins can lead to excessive
cell division without adequate elongation, resulting in distorted leaf
morphology [79,80]. The presence of brown callus is another critical
observation, often indicative of tissue stress or necrosis. Browning
in callus cultures can occur due to the accumulation of phenolic
compounds, which are typically produced in response to wounding or
stress [26,81]. The combination of IBA and Kinetin may have triggered
such stress responses, leading to oxidative damage and browning of
the callus tissue [82]. This phenomenon has been documented in other
studies where high auxin concentrations resulted in increased phenolic
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compound production, which in turn affected callus viability and
morphology [83,84]. Moreover, the specific concentrations of IBA and
Kinetin used in this study may not have been optimal for promoting
healthy callus formation. Research has shown that the effectiveness of
PGRs can vary significantly depending on the plant species and the
specific tissue being cultured [57,85]. For example, in some species,
lower concentrations of IBA combined with Kinetin have been found
to enhance callus quality and reduce browning compared to higher
concentrations [86,87]. This suggests that the current hormonal
treatment may require optimization to improve the overall health and
viability of the callus.

The age and health of the nampu leaf explants used in this study could
have contributed to the negative outcomes observed. The curling of
the leaf explants and the formation of brown callus in response to
IBA and Kine might have been caused by the age and health of the
explants [88,89]. NAA is an auxin that promotes cellular elongation
and division, while BAP is a cytokinin that stimulates cell division
and shoot formation. However, studies indicate that while NAA can
work effectively in certain combinations, its concentration and pairing
with compatible cytokinins like BAP can lead to suboptimal outcomes.
Vahedi et al. found that a more synergistic effect on callus formation
is generally obtained with 2,4-D combined with kinetin compared to
the results obtained with NAA and BAP, which led to inferior callus
formation [90].

4.3. Analysis of Secondary Metabolites from Callus

The observation was that tissue-cultured nampu leaves were not
visually detectable due to their low metabolite content. At the same
time, spots were observed under UV light at 365 nm, indicating the
potential for secondary metabolite production in these cultures. The
use of 10% H,SO, in methanol as a visualization agent, followed by
heating, facilitated the detection of organic compounds, as evidenced
by the color change post-heating. This method is recognized for
its effectiveness in revealing the presence of various secondary
metabolites in plant tissues [91,92]. The low visibility of the tissue-
cultured nampu leaves may suggest that the concentration of
secondary metabolites was insufficient for detection without the aid of
visualization techniques. This aligns with findings that tissue culture
can sometimes lead to reduced metabolite production compared to
field-grown plants, particularly when the culture conditions are not
optimized [93,94]. The presence of spots under UV light indicates that
some metabolites, possibly flavonoids or phenolic compounds, were
produced, albeit in low concentrations. This is consistent with studies
that have shown that tissue culture can yield secondary metabolites,
but the levels can vary significantly based on the specific conditions
and treatments applied [92]. The color change observed in the Nampu
leaves after heating with H,SO, is indicative of the presence of certain
organic compounds, a standard method used to confirm the presence
of secondary metabolites such as flavonoids and alkaloids [95]. The
heating process not only evaporates the solvent but also facilitates the
reaction of the visualization agent with the metabolites, leading to a
color change that can be quantified or compared against standards [96].

In contrast, the slight brown color change in the nampu leaves without
tissue culture suggests that these leaves may have undergone some
degree of oxidative stress or degradation of chlorophyll, which can
occur in non-cultured leaves due to environmental factors [97]. The
differences in metabolite profiles between tissue-cultured and non-
cultured leaves highlight the impact of in vitro conditions on plant
physiology and secondary metabolite production. Furthermore, the
use of specific visualization agents, such as Lieberman—Burchard,

Anisaldehyde, citroborate, and FeCl,, in addition to the universal
visualization agent, provides a comprehensive approach to analyzing
the metabolite profile of the Nampu leaves. Each of these agents is
known to react with specific classes of compounds, allowing for a more
detailed understanding of the secondary metabolites present [98,99].
For example, Lieberman—Burchard is often used to detect sterols and
terpenes, while Anisaldehyde is effective for identifying phenolic
compounds [99].

The detection of steroid compounds in Nampu leaves and tissue-cultured
samples using the Lieberman—Burchard reagent, which resulted in
a visual color change to pink, indicates the presence of sterols. This
color reaction is a well-established method for identifying steroids
and terpenoids in plant extracts [100,101]. The Lieberman—Burchard
test is particularly sensitive and can effectively differentiate between
various classes of compounds, providing a reliable means of detecting
sterols in both fresh and tissue-cultured plant materials [102,103].
The observation of brown callus in the tissue-cultured Nampu leaves
suggests that the tissue may be undergoing oxidative stress or necrosis,
which is often associated with high levels of phenolic compounds.
The use of FeCl, as a visualization agent confirmed the presence of
polyphenolic compounds, as indicated by the formation of a black
color on heating [104,105]. This reaction is characteristic of phenolic
compounds, which are known to accumulate in response to stress
and can contribute to browning in plant tissues [106]. The presence
of these compounds is significant, as they are often associated with
various biological activities, including antioxidant properties and
potential health benefits [107,108].

Furthermore, the detection of flavonoids using citroborate, evidenced
by bright blue fluorescence under UV light at 365 nm, highlights
the diversity of secondary metabolites present in the Nampu leaves.
Flavonoids are known for their antioxidant, anti-inflammatory,
and antimicrobial properties, making them valuable components in
medicinal plants [109]. The ability to visualize flavonoids through
specific reagents underscores the importance of phytochemical
screening in assessing the potential therapeutic applications of plant
extracts [110]. The combination of different visualization agents,
including Lieberman-Burchard, FeCl,, and citroborate, provides a
comprehensive approach to analyzing the metabolite profile of nampu
leaves. Each agent targets specific classes of compounds, allowing for
a more detailed understanding of the secondary metabolites present
in both tissue-cultured and non-cultured samples [111,112]. This
multifaceted approach is essential for identifying bioactive compounds
that may contribute to the medicinal properties of the nampu plant.

The application of preparative TLC to separate and analyze the
n-hexane fraction of callus obtained from the kinetin; 2,4-D medium
(2:2 mg/L) yielded significant insights into the composition of
secondary metabolites in nampu callus. The successful separation of
compounds, indicated by a band with an Rf value of 0.88 that exhibited
blue fluorescence under UV light at 365 nm, suggests the presence
of specific organic compounds, likely flavonoids or other phenolic
derivatives, which are known for their bioactive properties [113,114].
The use of TLC as a separation technique is well-established due to
its simplicity, cost-effectiveness, and ability to provide qualitative
and quantitative data on complex mixtures [115,116]. The band-like
appearance observed upon elution indicates effective separation,
which is crucial for subsequent analyses and identification of bioactive
compounds. The ability to visualize compounds under UV light further
enhances the utility of TLC in phytochemical investigations, allowing
researchers to identify specific classes of metabolites based on their
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fluorescence characteristics [113,114]. The observation that no band
was detectable under visual inspection or at UV 254 nm highlights
the importance of using appropriate visualization techniques tailored
to the specific compounds of interest. This aligns with findings that
certain metabolites may only be detectable under specific conditions
or with specific reagents, emphasizing the need for a multifaceted
approach to metabolite analysis [117,118]. The subsequent scraping of
the product and dissolution in a solvent mixture of n-hexane and ethyl
acetate (7:3) demonstrates a practical method for isolating compounds
for further characterization, which is essential for understanding their
potential biological activities [119].

4.4. Identification of Isolate Structure

The identification of the initial stages of the isolate using UV-Vis
spectrophotometry, particularly at wavelengths 255 nm and 292 nm,
provides valuable insights into the chemical composition of the nampu
leaves and the callus derived from tissue culture. The absorbance at
these wavelengths suggests the presence of chromophoric groups that
undergo m-to-m* transitions, indicative of compounds with conjugated
double bonds [120]. The K band, associated with conjugated systems,
is known to exhibit strong absorption in the UV range of 220 to 350 nm,
further supporting the presence of these metabolites [120]. The use
of n-hexane and ethyl acetate (7:3) as a solvent for the separation of
compounds is a common practice in phytochemical analysis, as this
solvent mixture effectively extracts non-polar and moderately polar
compounds, which are often responsible for the bioactive properties
of plant extracts [121]. The subsequent TLC analysis, which resulted
in a band with an Rf value of 0.72, indicates the successful separation
and isolation of specific compounds from the complex mixture present
in the callus. The ability to visualize these compounds under UV light
at 365 nm is particularly significant, as it allows for the identification
of compounds that may possess antioxidant or antimicrobial
properties [122]. The observation that no band was visible under UV
light at 255 nm further emphasizes the specificity of the compounds
detected at 365 nm, suggesting that the isolated metabolites may have
unique structural features that allow them to absorb UV light at this
wavelength while being less detectable at lower wavelengths [123].

The identification of advanced stages of the isolate using IR
spectroscopy provides critical insights into the functional groups
present in the nampu leaves and callus derived from tissue culture.
The analysis conducted within the range of 400-4000 cm™ revealed
significant absorbance peaks, indicating the presence of various
functional groups that contribute to the chemical profile of the isolate.
The absorbance at specific wavenumbers, such as 802.39 cm™, suggests
the presence of alkenes and aromatic compounds, which are known
for their diverse biological activities [124]. The detection of C—H
stretching in aliphatic -CH: bonds further supports the identification
of organic compounds. The detection of C—C bonds in aliphatic
linkages at wavenumbers ranging from 2360.87 cm™ to 2337.72 cm™!
emphasises the diversity of organic compounds present in the isolate.
This diversity is crucial for understanding the potential health benefits
of the nampu plant, as many of these compounds exhibit antioxidant,
anti-inflammatory, and antimicrobial properties [125]. The use of
IR spectroscopy as a tool for identifying functional groups is well-
documented, and its application in this study highlights its importance in
phytochemical analysis [126]. The methodology employed, including
the use of n-hexane: ethyl acetate (7:3) as a solvent, is effective for
extracting a wide range of organic compounds, particularly those with
varying polarities. This solvent system facilitates the separation of
both polar and non-polar compounds, allowing for a comprehensive

analysis of the metabolite profile [127]. The subsequent analysis of
the isolated compounds through TLC and UV-Vis spectrophotometry
further enhances the understanding of the chemical composition and
potential bioactivity of the Nampu extracts [128]. The absorbance at
a wavenumber of 1739.79 cm™ in the IR spectrum is indicative of a
carbonyl (C=0) group. This characteristic is particularly relevant in
the study of steroid compounds, as the presence of the C=O group
is frequently associated with the structural attributes of steroids
and other organic compounds such as ketones and aldehydes. The
detection of this functional group can facilitate the identification and
characterization of steroids through techniques such as FTIR, which is
commonly employed to discern functional groups in various chemical
compounds, including steroids [129].

The identification of steroid compounds within the callus of nampu, as
evidenced by the TLC profile and IR spectroscopy, provides significant
insights into the phytochemical composition of this plant. The positive
reaction observed with the Liebermann—Burchard reagent indicates
the presence of sterols, which are important bioactive compounds
known for their various health benefits, including anti-inflammatory
and cholesterol-lowering effects [130,131]. The absorbance at a
wavenumber of 1739.79 cm™ in the IR spectrum suggests the presence
of a carbonyl (C=0) group, which is characteristic of many steroid
compounds [132]. This finding aligns with previous studies that have
utilized IR spectroscopy to confirm the presence of functional groups
associated with phytochemicals in various plant species [133,134].
The TLC analysis, which resulted in a distinct band corresponding
to steroid compounds, further supports the notion that Nampu leaves
and callus tissue contain valuable secondary metabolites. The Rf value
obtained during the TLC process can provide insights into the polarity
and structural characteristics of the isolated compounds [135]. The
ability to visualize these compounds using specific reagents enhances
the understanding of their potential applications in medicine and
nutrition [136]. Moreover, the presence of other functional groups,
such as those indicated by the C-O stretching at 1103.28 cm™, suggests
that the isolated compounds may also include alcohols or ethers, which
can contribute to the overall bioactivity of the extracts [137]. The
identification of these compounds is crucial, as they may play a role
in the plant’s antioxidant properties, which are beneficial for human
health [138]. The combination of TLC and IR spectroscopy provides
a robust methodology for the identification and characterization of
bioactive compounds in plant extracts. This approach has been widely
utilized in phytochemical research to isolate and analyze secondary
metabolites, facilitating the discovery of new therapeutic agents [139].
The identification of steroid compounds and other metabolites in the
callus of nampu highlights the potential of this plant as a source of
natural products with pharmacological significance.

5. CONCLUSION

The findings from this study demonstrate that the leaves of nampu
(H. rostrata Schott) exhibit a positive growth response when
induced with MS medium supplemented with Kinetin and 2,4-D at
a concentration ratio of 2:2 mg/L. The successful induction of callus
from nampu leaves signifies the potential for in vitro propagation and
the enhancement of secondary metabolite production, which could be
beneficial for both research and commercial applications. The distinct
TLC profile of the callus derived from nampu leaves, compared to
non-cultured leaves, indicates the production of unique compounds
as a result of tissue culture. The pale purple coloration observed
on visualization with the Liebermann—Burchard reagent suggests
the presence of steroidal compounds, which are known for their
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various biological activities and therapeutic potential. This is further
supported by the identification of chromophoric groups through
UV-Vis spectrophotometry and the detection of carbonyl groups at a
wavenumber of 1739.79 cm™! through FTIR spectroscopy. Leveraging
additional identification methods, such as mass spectrometry and
nuclear magnetic resonance, ensures a higher degree of accuracy and
confidence in compound identification within chemical analyses.
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