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SUMMARY

Nibung (Oncosperma tigillarium [Jack.] Ridl.) is a valuable palm species, widely used in construction
and as a food and source of bioactive compounds in pharmaceutical industries. This significant nibung
germplasm in the provincial mascot of Riau is facing threats from land conversion and urbanization.
For its conservation strategies, it is essential to understand its profile about population, habitat, and
important traits. This study aimed to characterize the population of nibung and its secondary
metabolites linked to environmental conditions. In a comparison between coastal and non-coastal
populations of nibung, the study revealed considerable environmental effects on its growth. Results
showed that nibung from non-coastal locations (grown in sandy clay and clay loam soils) showed
larger size but smaller clumps, while coastal samples (grown in silty clay soil) grew shorter, with
larger clumps. The phosphate, linked to higher flavonoid contents, was abundant in non-coastal areas,
and potassium negatively affected the stem size. These findings could play a crucial role in the
nibung’s genetic potential, development, and cultivation and help in conservation strategies, especially
in Riau, Indonesia.

Keywords: Nibung (O. tigillarium), population, habitat, secondary metabolites, phytochemical
properties, conservation strategies

Key findings: The soil and microclimate affect the population, habitat, and secondary metabolites of
nibung (O. tigillarium). Nibung grown in non-coastal areas were notable with smaller clumps, larger
stems, and higher flavonoid content. Meanwhile, it has more individuals per clump with smaller and
shorter stems in coastal areas.
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INTRODUCTION

Nibung (O. tigillarium [Jack] Ridl.) is a
monocotyledon species that belongs to the
family Arecaceae, which has a wide utilization
by the community (Dransfield and Uhl, 1998).
The said family plants have served as a source
of traditional food, a side dish, and livelihood.
It has links to their secondary metabolite
contents rich in lipophilic bioactive compounds,
especially carotenoids, polyunsaturated fatty
acids, tocopherols, and vitamin A. Moreover,
these plants have massive phenolic
compounds, fiber, and minerals (Souza et al.,
2020).

Nibung is prevalent in Southeast Asia
(Henderson and Borchsenius, 1997), including
various regions in Riau Province and Sumatera,
Indonesia. The said plant serves as a cultural
emblem for the Malay community in Riau,
becoming useful for numerous purposes, such
as its trunk as a building material because of
its strength, while its shoots are widely used in
various events, including traditional dishes, for
their special tastes and high-fiber content
(Desti et al., 2019). The local community
prepares a range of dishes using nibung,
typically involving two main processes: boiling
and subsequently making 'gulai lemak,” which
includes coconut milk and some assortment of
curry spices (Desti et al., 2024).

Nibung exhibited considerable
adaptability, thriving in a wide range of
environments, from coastal areas in Riau,

including Bengkalis, Meranti Islands, Indragiri
Hilir, Dumai, and Rokan Hilir, to non-coastal
forests, such as in Kuantan Singingi, Indragiri
Hulu, and Rokan Hulu, Indonesia. The
topography of these areas plays a significant
role in shaping the unique characteristics of
flora at each location (BPS, 2021). These
regencies comprise both lowland and highland
terrains with diverse elevations in Riau,
starting from a height of zero meters above
sea level (masl) up to more than 400 masl.
The wide distribution of nibung habitats
highlights the critical role of abiotic factors,
such as soil and microclimate, in shaping its
characteristics across different environments
(Broschat, 2008).
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Understanding how nibung adapts to
these environmental conditions offers insights
into its ecological traits and supports
sustainable resource management, especially

in Riau. However, scientific information is
lacking regarding nibung; hence, it is
unfamiliar to the Riau community.

Furthermore, the habitat degradation and land
use variations also pose threats to the nibung
population. As a result, the uncertainty on how
to handle specific conservation issues lingers,
as well as how to develop conservation
strategies and research objectives.

The nibung population study
emphasized the need to understand its
characteristics, secondary metabolite

composition, and the various factors affecting
its traits. It includes investigating the link
between environmental conditions  and
secondary metabolites, which play a pivotal
role in the plant protection mode and have a
wide range of applications (Pant et al., 2021).
These insights support conservation efforts,
sustainable resource management, and the
development of agronomic strategies to
enhance nibung’s cultivation while exploring its
bioprospecting potential.

The analysis of population profile and
secondary metabolite compounds of nibung
can reveal the plant’s profile concerning its
growth factors in Riau Province. Therefore,
analysis of its population profile is necessary
because it is one of the crucial factors for
describing the uniqueness of a population, such
as observing vitality, periodicity, sociability,
and stratification in plants (Braun-Blanquet,
2007). It also provides the population profile of
nibung in Riau, as well as an analysis of
secondary metabolites in this valuable species.

MATERIALS AND METHODS
Study area

This study, carried out in Riau Province,
Indonesia, encompassed both coastal and non-
coastal areas, with two regencies in each
representative location (Figure 1). The coastal
areas included Bengkalis and Meranti Island,
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Figure 1. Nibung locations in Riau, consisting of coastal locations, namely, Tanjung Medang Village,
Rupat Island, Bengkalis Regency (Al) and Mekong Village, Pulau Meranti District (A2), and non-
coastal locations, consisting of Sentajo Protected Forest, Kuantan Singingi District (A3) and Talang
Durian Cacar Village, Indragiri Hulu Regency (A4).

while the non-coastal consisted of Kuantan
Singingi and Indragiri Hulu, Indonesia. The first
location was the Tanjung Medang Village,
located on Rupat Island in the North Rupat
Subdistrict of Bengkalis Regency. The second
location was the Mekong Village, situated in
the Tebing Tinggi District of Meranti Island
Regency. The third location was the Sentajo
Protected Forest, found in the Sentajo Raya
District of Kuantan Singingi Regency. The
fourth location was the Talang Durian Cacar
Village, located in the Peranap Subdistrict of
Indragiri Hulu Regency.

Population analysis

The application of the transect sampling
method assessed the nibung population and its
habitat, with the data collected along transects
(Brancalion et al., 2012; Yudaputra, 2018). All
the locations were accessible by foot, through
existing footpaths, until finding a nibung
clump. The creation of a straight-line transect
resulted from the first point where the nibung
appeared to the South. Then, making a square
plot along the transect line enabled
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researchers to see the observed population. A
20 m x 20 m square plot aided in assessing
the juvenile and mature, while a 2 m x 2 m
square plot within the 20 m x 20 m plot was
for seedlings. The documentation of subplots
totaled 72 in this study.

For nibung, field observations of the
known locations succeeded in describing its
population profile, which includes
characterization of  vitality, periodicity,
sociability, and stratification (Table 1). Several
characters and criteria served as guidelines for
observing the vitality, periodicity, sociability,
and stratification of nibung, as explained below
(Braun-Blanquet, 2007).

In this study, the number of individuals
per clump, averages of diameter, and height of
mature individuals (stem height) were the
parameters used for describing the population
of nibung in Riau (Widyatmoko et al., 2005;
Yudaputra, 2018). Measurements included the
number of individual plants within each clump,
stem diameter at breast height (DBH) for
adults to determine the basal area, and height
of the mature stem (Ratsirarson et al., 1996;
Elias et al., 2019).
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Table 1. Criteria of vitality, periodicity, sociability, and stratification of nibung.

Criteria  Vitality Periodicity Sociability Stratification
1 nibung was found in the form of a  if no flowers and the individual of the -

tree, not growing well, and with fruits were nibung lives solitary

no shoots or seedlings found

2 nibung was found in the form of a
tree, not growing well, and with
shoots or seedlings

if only flower
was found

individual lives in -
small groups

3 nibung was found in the form of a
tree, growing well, but with no
shoots or seedlings

found

if only fruit was

if the individual lives -
in large groups/rows

4 nibung was found in the form of a  if flowers and individual lives in -
tree, growing well, with shoots or  fruits were colonies covering the
seedlings found surface of the
ground
5 - - individual lives in -
very large groups
A - - - if the height is more
than 30 m
B - - - if the tree height is 20-
30m
C - - - if the tree height is 4-20
m
D - - - if the height is 1-4 m
E - - - if the height is 0-1 m
Analysis of soil characteristics and The use of the "Map Coordinate"

microclimate

Around the nibung sites, the soil sampling
process included clearing the soil surface of
grass and litter. Subsequently, digging the soil
to a depth of 30 cm had a distance of
approximately 120 cm from the nibung’s
clump. The placing of the obtained soil samples
into a plastic bag followed. Analysis of the
collected soil samples continued at the Soil
Laboratory, Faculty of Agriculture, University of
Riau, Indonesia.

Soil  characteristics included soil
physics, namely, soil texture (consisting of
sand, silt, and clay). Furthermore, acquiring
the soil’s chemical composition comprised the
following steps: pH (with the 1:5 extraction
method), C-organic content (with the Walkley
and Black method), total N (with the Kjeldahl
method), P,Os (with the Bray 1 method), KO
(with the 25% HCI method), cation exchange
rate (with the 1N NH4-Acetate pH7 method),
Ca and K, and the cation exchange capacity
(Zulkarnaen et al., 2022). Obtaining the base
saturation (BS) and Fe used the AAS method.
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application obtained the coordinate data
downloaded from the Vivo29E smartphone and
determined the position of each location.
Collection of the microclimate data also took
place from the Riau Meteorology, Climatology,
and Geophysics Center (BMKG), Riau,
Indonesia, including temperature, humidity,
rainfall, and wind speed (Zulkarnaen et al.,
2022).

Analysis of secondary metabolite content

The investigation of secondary metabolites
(alkaloids, flavonoids, phenols, and saponins)
in the nibung population was successful.
Twelve nibung accessions’ sampling across four
locations ensued during September-November
2023. Qualitative tests identified metabolites
through color variations, as performed using
established methods: Mayer’'s test for
alkaloids, the foam test for saponins, the ferric
chloride test for phenols, and the Mg-
hydrochloride reduction test for flavonoids
(Gutiérrez-Grijalva et al. (2020). Quantitative
assessment measured the total phenols and
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flavonoids in the heart and buds of nibung that
tested positive only. The Folin-Ciocalteu
method, as employed, utilized the UV-Vis
Spectrophotometer Agilent Cary 8454 for
obtaining the total quantitative testing result
(Sammanta et al., 2024). All analytical
procedures transpired at the Vahana Scientific

Laboratory in Padang, West Sumatera,
Indonesia.

Data analysis

Descriptive  analysis  (+/-) representing

secondary metabolites continued with one-way

analysis of variance (ANOVA), UPGMA
clustering, PCA, and Pearson correlation
analysis. These examined the relationship

between the four nibung’s locations regarding
population characteristics, habitat, and
secondary metabolites.

RESULTS AND DISCUSSION
Population profile

All nibung populations found had the same
form as trees and had good growth rates,
growing in small groups, and were producing
fruits. The nibung in Riau Province has the
same criteria of vitality, periodicity, and
sociability; however, it has different
stratifications (Table 2).

Habitat appears to have remarkable
effects on the nibung’s clump, with immediate
consequences for differences in tree diameter
and height, indicating its varied characteristics.
Nibung from the coastal areas had nearly twice
as many individuals per clump compared with
non-coastal locations. Non-coastal populations
exhibited taller trunks with a large diameter,
likely due to higher soil phosphate levels and
lower potassium levels than coastal areas.
Conversely, in  coastal areas, nibung
populations exhibited higher individual density
per clump, with smaller diameters, reflecting
adaptation to local environmental conditions.

These findings aligned with the nibung
population in other locations in Riau, with
classifications according to habitat type

(Fitmawati et al., 2022). Similar patterns also
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emerged in other palm species, palmiteiro
(Euterpe edulis) and motacu (Attalea princeps)
producing larger trunks in higher locations with
low diameter (Brancalion et al,. 2012; Elings,
2018).

In this case, the habitat and soil
conditions, especially the soil chemical content,
affected the nibung’s population in Riau (Table
3). The chemical composition of the soil also
showed differences between coastal and non-
coastal locations, especially for C-organic
content, total phosphate, and soil potassium,
as well as CEC values (Brancalion et al., 2012).
In non-coastal locations with higher CEC, soil
organic C, and total phosphate values, the
larger and taller stems were evident. Reports
disclosed several factors affected the size of
palm trees (Pulido et al., 2007). The DBH in
palmiteiro (E. edulis) had notable habitat-
mediated effects, particularly soil-related
factors (Brancalion et al., 2012). Likewise,
motact (A. princeps) sustained influences from
the chemical conditions of the soil (Elings,
2018).

Habitat profile

Soil analysis showed significant differences in
the physical and chemical properties of the soil
surrounding the nibung’s habitat in Riau (Table
3). Soil from non-coastal locations, namely, in
Kuantan Singingi, exhibited a sandy clay
texture, and samples from Indragiri Hulu have
a clay loam texture. The soil from coastal
areas, i.e., Bengkalis and Meranti Islands,
tends to be silty loam.

Soil composition is an essential factor,
and the soil texture has a correlation regarding
nibung’s diameter and its height. These
findings were greatly analogous to the findings
of previous research on the effects of soail
characteristics on tree regeneration of the
other palm member, motact (A. princeps),
where the regeneration of palm has a negative
relation with clay content (Elings, 2018).
Brancalion et al.’s (2012) findings revealed soil
chemistry considerably affects the palm
growth, with E. edulis in the nutrient-rich
Atlantic Forest showing larger stems, while
sodium-rich Restinga Forest soils resulted in
slower growth and smaller diameter.
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Table 2. Individual variation and measurement of attributes in nibung at Riau.

Locations
No. Criteria Coastal Non-coastal
Bengkalis Meranti Island Kuantan Singingi Indragiri Hulu
1 Vitality Vit. 4 Vit. 4 Vit. 4 Vit. 4
2 Periodicity Per. 3 Per. 3 Per. 3 Per. 3
3 Sociability Soc. 2 Soc. 2 Soc. 2 Soc. 2
4 Stratification Stratum B Stratum B Stratum A Stratum A
5 Mean number of individuals 8+ 2.6 11.67 £ 2.1° 6.67 +2.6° 5.67 +2.32
per a clump
6 Average of diameter of mature 151 +2,322 1227 +1.082  17.33 £ 2,75 21.07 * 2.68°¢
stems (cm)
7 Average of height of mature 11.15+2.7° 10.27+2.3° 16.58 £ 2.6 17.87 £ 2.1°
individuals (m)
Note: numbers followed by the same letter in the same parameter are not significantly different.
Table 3. Abiotic factors of nibung’s habitat in Riau.
Locations
Criteria Coastal Non-coastal
Bengkalis Meranti Island Kuantan Singingi Indragiri Hulu
Soil characteristics
Texture
Sand (%) 31.93 23.91 66.60 57.68
Silt (%) 51.90 50.73 10,56 13.13
Clay (%) 16.17 25.36 22.84 29.19
Chemical content
pH H20 5.37 4.62 5.50 5.24
C-organic (%) 1.31 12.04 1.53 2.90
N total (%) 0.18 0.83 0.18 0.11
P>Os (ppm) 8.17 14.22 29.90 15.67
K20 (mg/100 g) 40.51 54.47 38.22 30,37
Ca (me/100 g) 0.16 4.02 0.33 0.28
K (me/100 g) 0.18 0.73 0.14 0.14
CEC (me/100 g) 14.72 42.59 18.69 17.85
BS (%) 5.98 34.02 4.92 4.78
Fe (ppm) 9680 6225 11985 6000
Micro-climate
Temperature (°C) 27.64 28.84 27.29 27.51
Humidity (%) 82.09 85.71 85.08 86.27
Wind speed (km/h) 0.56 1.46 1.69 0,97
Precipitation (mm) 6.47 18.72 10.08 4.49
Environmental data from nibung Sumatra, which indicates the water-sensitive

sampling sites in Riau revealed the habitat
differences (Table 3). Coastal locations have
lower humidity, higher temperatures, and
nearly double the rainfall of non-coastal
locations, despite reduced wind speed. Average
rainfall at coastal locations was almost twice as
high as at non-coastal locations. Higher rainfall
in coastal areas supports larger nibung clumps,
like the lipstick palm (Cyrtostachys renda) in
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peat swamp ecosystems (Widyatmoko et al.,
2005).

These findings align with the studies on
tropical palms, and the habitat variability and
soil composition substantially affect the growth
and population profile. Tropical forests are
highly variable ecosystems wherein these
processes occur and can provide a mosaic of
different habitat conditions (Pulido et al., 2007;
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Table 4. Qualitative test results for the secondary metabolites in nibung from Riau.

Code/locations

Nibung parts Parameters

Bl B2 B3 M1 M2 M3 K1 K2 K3 I1 12 13

Alkaloid - - - - - - - - - _ - _

FI id - - - - - - - - - - - -
Heart of palm avon.0|

Saponin - - - - - - - - - - - _

Phenol + + + + + + + + + + + +

Alkaloid - - - - - - - - - - - _

Flavonoid - - - - - - + + + + + +
Buds )

Saponin - - - - - - - - - - - _

Phenol + + + + + + + + + + + +

Note: coastal locations: B1 = Bengkalis 1, B2 = Bengkalis 2, B3 = Bengkalis 3 and M1 = Meranti 1, M2 = Meranti 2, M3 =
Meranti 3; non-coastal locations: K1 = Kuantan Singingi 1, K2 = Kuantan Singingi 2, K3 = Kuantan Singingi 3 and I1 =

Indragiri Hulu 1, I2 = Indragiri Hulu 2, and I3 = Indragiri Hulu 3.

Jansen et al., 2012; Otarola and Avalos,
2014). Geographical and ecological factors
influence the family Arecaceae populations
(Souza et al., 2020), i.e., date palms, which
adapt to abiotic stress through protective
strategies. Al-Kaabi (2021) highlighted the
Sultana cultivar's tolerance linked to variations
in secondary metabolite properties.

Secondary metabolites

The qualitative tests authenticated the
presence of secondary metabolites in nibung
(Table 4). The results showed each part of the
nibung has positive phenol content in all
samples tested and flavonoids in the buds of
samples from non-coastal locations (Kuantan
Singingi and Indragiri Hulu). Phenols and
flavonoids’ positive identification surfaced in all
parts of the nibung. Phenols, including
flavonoids, were the significant bioactive
compounds in the family Arecaceae, promoting
root and stem growth (Souza et al., 2020;
Ngaffo et al., 2021).

Quantitative analysis of nibung’s heart
of palm and buds showed the varied content of
phenols and flavonoids in four locations (Figure
2) obtained by UV-Vis spectrophotometry. In
the heart of nibung, the highest phenol content
was prominent in the Bengkalis location (Figure
2A), followed by nibung found at the Kuantan
Singingi (2.5 mEQ/g). In added details, more
than 1 mEQ/g of heart of nibung’s phenol
reached estimation in samples from the
Indragiri Hulu. These values were almost one-
third of the sample from the phenol content of
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samples from Bengkalis, and the lowest was in
the samples of Meranti Island. For buds,
Kuantan Singingi had the highest phenol
content (4 mEQ/g), followed by Bengkalis (3
mEQ/g) and Meranti Island (2 mEQ/g), while
Indragiri Hulu had the lowest (1.06 mEQ/g).
Flavonoids only emerged in nibung buds
obtained from non-coastal areas (Kuantan
Singingi and Indragiri Hulu), while coastal area
samples gave negative results (Figure 2B). In
short, samples from Kuantan Singingi seem to
have the highest averages of phenol and
flavonoid contents.

Differences in the nibung’s habitats
received influences from  abiotic and
microclimatic factors, which also affect the
secondary metabolite content in its heart and

buds. Environmental variations, such as
temperature and water, trigger adaptive
responses altering secondary metabolite

production (Thakur et al., 2019; Li et al.,
2020). The variations in rainfall conditions and
relief positions can cause a mosaic of soil types
that vary greatly in the landscape (Brady and
Weil, 1996). In another example, oil palms
exposed to different environmental pressures
adapt to abiotic pressures by producing
secondary metabolites (Adrian et al., 2024).
Nibung populations made different

clusters based on characteristics and
metabolite content. At a 2500 Euclidean
distance, nibung populations form three

clusters: Indragiri Hulu, Kuantan Singingi, and
a combined Meranti Island-Bengkalis group.
Indragiri Hulu closely resembles Kuantan
Singingi but differs significantly from Bengkalis
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in Riau.

(Figure 3). Principal component analysis (PCA)
comprehends a grouping of four different
nibung population profiles based on the
locations (Figure 4). Thus, the PCA analysis
showed influences on the population and
secondary metabolites of nibung resulted from
variations in habitat conditions.

Nibung population in the Bengkalis
location showed distinction in high pH,
potassium, Fe, N-total, and phenols content of
the nibung palm heart and buds, with low C-
organic, humidity, and smaller stem diameter
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(Figure 4). Furthermore, Meranti Island had
characteristics of higher temperature,
humidity, wind speed, precipitation, Base
Saturation (BSA), and numerous individuals
per clump, with a low pH, P05, Ca, and
flavonoids in the buds. However, in contrast,
the nibung populations in Kuantan Singingi and
Indragiri Hulu were characterized by higher
mature trunks and diameter, P,Os, and bud’s
flavonoid contents, while lower KO and
number of individuals per clump.
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Figure 5. Pearson correlation analysis shows the relationship among the nibung population, habitat,
and secondary metabolites. Note: (*) indicate positive correlations, while unmarked values show
none. Blue boxes highlight significantly positive correlations, red boxes indicate significantly negative
correlations, and unboxed points are not significantly different.

Habitat conditions, particularly soil
composition, considerably influence the nibung
trunk size. Non-coastal areas were prevalent
with higher phosphate (P,0Os) and lower
potassium (K,O0) and produced larger and taller
trunks. In contrast, the coastal locations
provided higher potassium levels and revealed
smaller trunks and more individuals per clump
due to a negative correlation of potassium with
the trunk diameter. Base saturation also
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appeared positively correlated with the number
of individuals per clump. Soil phosphate (P,0s)
indicated a positive correlation with flavonoids
in nibung’s buds (Figure 5). Soil chemistry
remarkably affects the flavonoid content in
palms, with nutrient-rich soils enhancing
metabolic processes and poor soils limiting
secondary metabolite production (Schachtman
and Liu, 1999; Yang et al.,, 2018).
Environmental factors, such as high
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temperatures and increased phenol and
flavonoid synthesis, protect the plants from
oxidative stress and UV damage (Taiz and
Zeiger, 2010; Zandalinas et al., 2018).
Enzymes like the phenylalanine ammonia-lyase
(PAL) were evident. They are crucial in
producing compounds under stress conditions,
supporting the palm’s adaptation to extreme
conditions of drought and heat (Lattanzio,
2013; Sharma et al., 2019).

Variations in flavonoid concentration in
the palm heart and phenols of nibung’s buds
can be referable as a mechanism of adaptation
to their environment. According to Kadja et al.
(2020) and Li et al. (2020), differences in
growing locations can affect plant metabolic
pathways. These results were in line with other
palm members, such as oil palm (Tahir et al.,
2022), date palm (Al-Kaabi, 2021), and E.
edulis (Brancalion et al., 2012), where the
morphology and metabolome of the palm
group had influences from their growing
environment. Several biosynthesis  and
metabolism pathways’ alterations came from
different environments, characterized by the
abundance of primary and secondary
metabolites, including phenolic acids and
flavonoids in palms (Brancalion et al., 2012;

Tahir et al., 2022). In plants, effects on
phenolic variations resulted from
environmental factors, which adjust the

content of its bioactive compounds, as per its
habitat (Ayaz et al., 2007).

CONCLUSIONS

Nibung populations’ influences come from
environmental factors, such as soil texture,
potassium, and phosphate levels. Non-coastal
locations, with higher phosphate and lower
potassium levels, support larger trees with
higher flavonoid content. The coastal areas
yield smaller trees due to the potassium's
negative impact on stem size. These findings
provide essential baseline data for nibung
conservation and cultivation  strategies,
promoting its further development with
sustainable use in Riau, Indonesia.
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