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Determining Post-Mining Lake Water Quality in Lati Petangis Forest Park,
Paser, East Kalimantan after Reclamation

NAUFAL HAFIDH MAHDI SUJARWO PUTRA!, TRI RETNANINGSIH SOEPROBOWATT*!%* &
JUMARI JUMARI!'?

"Department of Biology, Faculty of Science and Mathematics, Diponegoro University, J1. Prof. Soedarto, SH,
Tembalang, 50275 Semarang, Indonesia; 2School of Postgraduate Studies, Diponegoro University, JI. Imam
Bardjo No. 3-5, 50241 Semarang, Indonesia; *Cluster for Paleolimnlogy (CPalim), Diponegoro University,

50241 Semarang, Indonesia.

*Corresponding author: trsoeprobowati@live.undip.ac.id
Received: 10 September 2023 Accepted: 15 April 2024 Published: 30 June 2024

ABSTRACT

Lati petangis Forest Park is a post-mining forest park located in Paser, East Kalimantan, Indonesia. This area has
been through the stages of reclamation and post-mining lake has been formed. Monitoring activities are needed to
determine the success of post-mining management. This study aims to assess the water quality of post-mining lake
in Tahura Lati Petangis based on the Pollution Index and STORET methods. The research was located at 3
observation stations, which were station 1 (Pit Lake I Saingprupuk Erai), station 2 (Natural Lake Gentung Dayo),
and station 3 (Pit Lake II Saingprupuk Duo). At all observation stations, in-situ water quality observations were
made in the form of Dissolved Oxygen (DO), pH, and water temperature at 4 points sites. Water sampling was
also carried out at 4 sites in each station for ex-situ quality testing. The determination of water quality status based
on the Decree of the Minister of Environment of the Republic of Indonesia No. 115/2003 with lake water quality
standards following the Government Regulation of the Republic of Indonesia No. 22/2021. The results showed
that the STORET method is more sensitive than the Pollution Index. Determination of general water quality status
shows that station 1 and 2 are only usable for agricultural activities (class IV). Station 3 is unable to be used for
all four designation classes based on DO, BOD, COD, phosphate, phenol, and zinc parameters that are not meeting
the quality standards. The STORET method is recommended to be used in determining water quality based on
periodic and time progression.

Keywords: Pollution Index, Post-Mining Lake, STORET

Copyright: This is an open access article distributed under the terms of the CC-BY-NC-SA (Creative Commons Attribution-NonCommercial-ShareAlike 4.0
International License) which permits unrestricted use, distribution, and reproduction in any medium, for non-commercial purposes, provided the original work of
the author(s) is properly cited.

INTRODUCTION

Paser District is located in the southern region of
East Kalimantan Province, Indonesia, making
the mining sector one of the sources of regional
economic income, especially coal mining. Coal
production in 2017 reached 32,879,307 tons, and
in 2018 the production increased to almost 2
million tons (BPS Kab.Paser, 2022). High
production as a source of long-term economic
income needs to be considered because it can
have a negative impact on the environment.

Lati Petangis Forest Park (Tahura Lati
Petangis) is nature reserve located in Paser
District, East Kalimantan, Indonesia. The area
was previously former coal mining concession
of PT BHP Kendilo Coal Indonesia, which
ended its operations in 2002. Reclamation and

revegetation activities have been carried out
based on the principle of an area borrow-to-use
system (DLH Kab. Paser, 2017). The area
borrow-to-use system is a way to grant permits
to use forest areas for mining activities without
changing the function and designation of the
forest area by taking revegetation and
reclamation steps after the permit expires, and it
will be returned to the local government as the
landowner. Post-mining activities, such as
reclamation and revegetation are efforts to
improve land functions and provide ecological
and economic benefits (Pratiwi et al., 2021). The
establishment of the Lati Petangis Forest Park
(Tahura) was based on the Decree of the
Minister of Environment and Forestry of
Republic Indonesia No. SK. 4335/MenLHK-
PKTL/KUH/2015 on September 08, 2015 (DLH
Kab.Paser, 2017).



Naufal et al. 2024

The impacts of mining activities cause
major changes to the landscape and land use
(Redondo-Vega et al., 2021). Coal mining
generates hazardous waste, such as heavy metal
substances during production, washing, and
several other processes. These hazardous wastes
produce acid mine drainage with low pH and
harmful for human consumption (Park et al.,
2017; Zhou et al., 2020). Pollution from mining
processes is an interaction  between
anthropogenic activities, hydrological activities
and mineral rock weathering. The process that
occurs will reduce the quality of waters and
harm the living biota (Nyirenda et al., 2016;
Dan-Badjo et al., 2019; Verma et al., 2019; Zhu
et al., 2020; Punia et al., 2021).

The condition of Lati Petangis Forest Park is
diverse, consisting of natural forest areas,
revegetation areas, open areas, native lakes and
post-mining lakes. The natural lake is the largest
lake in that area and there are seven post-mining
lakes (DLH Kab.Paser, 2017). Post-mining lakes
are formed from mining pit dredging activities,
which are filled by groundwater, surface water
flow, and rainwater (Sakellari et al., 2021). Post-
mining lakes are characterised by having an
acidic pH, containing heavy metals, depths
ranging from tens to hundreds of meters, so they
have a dangerous risk of being used. Generally,
the status of post-mining lakes is oligotrophic,
although post-mining lakes have the potential to
provide ecosystem and economic services
(MclJannet et al., 2019; Lund et al., 2020;
Blanchette & Lund, 2021). Stability of post-
mining lake water quality requires time that may
range up to decades (Sakellari et al., 2021).

The previous research in the Lati Petangis
Forest Park showed differences water quality in
each lake. Ammonia and phenol were identified
to exceed the water quality standards in all lakes
(DLH Kab.Paser & FPIK Unmul, 2020). The
high ammonia is caused by incomplete nitrogen
cycle. This can reduce water quality through
increasing the organic load of waters (Risacher
et al., 2018; Nizzoli et al., 2020; Qian et al.,
2021; Zhao et al., 2021). In addition, as a post-
mining lake, there is concern that it still contains
dangerous heavy metals.

The potential development of post-mining
areas is related to economic value, ecology,
education, and ecosystem safety characteristics
(Soni et al., 2014). One of the considerations is
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water quality. Water quality is a condition of
water quality that is measured or tested based on
certain parameters and certain methods based on
applicable laws and regulations (Government
Regulation of Republic Indonesia No. 22/2021).
Determination of lake water quality status is
related to the function of its use class.

Based on the Decree of the Minister of
Environment of Republic Indonesia No.
115/2003 about concerning guidelines for
determining water quality status, the Pollution
Index and STORET methods are recommended
for determining the status of environmental
pollution in Indonesia. Both methods are
included in the Water Quality Index (WQI)
method using the U.S. Environmental Protection
Agency (US-EPA) value system. The use of the
pollution index is only capable of describing
water quality on temporary scale because it can
be sourced from a single observation. The
STORET method can be used to describe water
quality consistently because the data is based on
periodic development and time (Saraswati et al.,
2014; Barokah et al., 2017). Comparison of
water quality determination of the two methods
may provide a suggestion of the suitable method
to be used.

Terrestrial ecosystems and clean water,
proper sanitation are two areas that need
attention for the Sustainable Development Goals
(SDG’s). Some of the goals of these
development sectors are to protect, restore and
enhance the sustainable use of terrestrial
ecosystems, restore land degradation, and ensure
the availability and management of clean water
(UNDP, 2015; Bappenas RI, 2021; Tyas et al.,
2021). Research that aligns with sustainable
development goals can help formulate follow-up
strategies for regional development (Gebrehiwot
et al., 2021; Thakur et al., 2022).

Lati Petangis Forest Park as post-mining area
with the function of forest park has been running
for approximately 20 years. Therefore, it is
necessary to monitor and evaluate the post-
mining development. The focus of the study was
on the quality of post-mining lake waters.

MATERIALS AND METHODS
Description of the Study Area

The research was located in the Lati Petangis
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Forest Park (Tahura Lati Petangis), Paser
District, East Borneo, Indonesia, which has an
area of 3,445.37 Ha. Geographically, it is located
from north to south between 116°3'40.996"BT -
116°6'21.502"BT  and  2°2'30.786"LS -
2°924.983"LS. As regards the administrative
division, Lati Petangis Forest Park located in
three villages, namely Saing Prupuk Village,
Petangis Village, and Teberu Simpang Damai
Village, Batu Engau, Paser District, East
Kalimantan. The area has eight lakes, consisting

Table 1. Characteristics of research sites

Methods in determining post-mining kake water quality 3

of one natural lake and seven former mining
exploration lakes (pit lakes).

The focus of the research was on lakes
located in the  Saingprupuk  Village
administration, namely Saingprupuk Erai Pit
Lake I (Pit Lake I) and Saingprupuk Duo Pit
Lake II (Pit Lake I1) as post-mining lakes. While
one other lake is a natural lake Gentung Dayo
which is not included in the reclamation area of
PT BHP Kendilo Coal Indonesia (Table 1).

Nsltﬁfwlggr Location Name Coordinate Point Size Depth Water Volume

Station 1 Pit Lake | Saingprupuk 116°6°17.349" E —2°2°87.800"S  1,31Ha  10,5m 94.975,00 m3
Erai

Station 2 Natural Lake Gentung 116°5°48.730” E —2°3°49.080" S 12,74Ha 116m 1.153.383,59 m?
Dayo

Station 3 Pit Lake 11 Saingprupuk 116°5°50.558" E —2°4°32.902"S 5,79 Ha 11,67 m 898.438,90 m®
Duo

Source: DLH Kab.Paser & FPIK UNMUL, 2020

The study was held in January 2023 at the
three observation stations (Figure 1). Water
sampling was taken by purposive random
sampling, and the three lakes each had four
observation sites. At each station, water quality
was measured based on temperature, pH, and
dissolved oxygen (DO). Water samples were
collected to analyze Chemical Oxygen Demand

(COD), Biological Oxygen Demand (BOD),
Ammonia (NH3-N), Nitrate (NOs3-N), Nitrite
(NO»-N), Total Phosphate, Phenol, Dissolved
Zinc (Zn), Dissolved Manganese (Mn),
Dissolved Iron (Fe), Dissolved Lead (Pb),
Dissolved Copper (Cu), Sulfide as (H»S), and
Sulfate.

116°5"38"E 116°6°0"E

116°538"E

116°6°0"E

116°6'22'

SAMPLING LOCATION MAP OF WATER

AT THE THREE STATIONS IN TAHURA
LATI PETANGIS

Map Maker

Naufal Hafidh Mahdi Sujarwo Putra
24020120420016

Master Biology

Diponcgoro University

&

2°3'50"S

Seale 1 : 8000 oo 2 o .«

Legend

@ Watcr Sampling Points
Location Description
PLIw ]

PLIW2 - pit Lal

204"

2°4°34"S

Universal Transverse Mercator
UTM Zone 498

WGS 1984

Guogle Satellite

August 2023

Figure 1. Research location of lakes in Lati Petangis Forest Park
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Data Analysis

In-situ water quality measurements of pH,
temperature, and Dissolved Oxygen (DO). Ex-
situ measurements were made by taking 5 litres
of water samples on the lake water surface at
each research stations with 4 collection points.

Methods in determining post-mining kake water quality 4

Lake water samples were tested at the
Laboratory of Samarinda Industrial Research
and Standardisation Centre, East Kalimantan.
The ex-situ measurement parameters and
Indonesian Standard Test methods used are as
follows (Table 2).

Table 2. Ex-Sifu parameters and testing methods for water quality parameters of Lati Petangis Forest Park Lakes

No Parameters Indonesia Standard Testing
Methods
1 Chemical Oxygen Demand (COD) SNI 6989.2.2019
(Spectrophotometry)
2 Biological Oxygen Demand (BOD) SNI 6989.72:2009
3 Ammonia (NH3-N) SNI 06-6989.30-2005
4 Nitrate (NOs-N) SNI 06-2480-1991
5 Nitrite (NO2-N) SNI 06-6989.9-2004
6 Total Phosphate (PO4) SNI 06-6989.31-2005
7 Phenol (CsHsO) SNI 06-6989.21-2004
8 Dissolved Zinc (Zn) SNI 6989-84:2019
9 Dissolved Manganese (Mn) SNI 6989-84:2019
10 Dissolved Iron (Fe) SNI 6989-84:2019
11 Dissolved Lead (Pb) SNI 6989-84:2019
12 Dissolved Copper (Cu) SNI 6989-84:2019
13 Sulfide as (H2S) SNI 19-6964.4-2003
14 Sulfate SNI 6989.20-2019

Source: Samarinda Industrial Standardisation and Services Centre, 2022

Pollution Index

The Pollution Index method is an easy
assessment method and is able to produce
calculations of the level of pollution to water
quality standards (Suriadikusumah et al., 2021).
The formula of PI as follows:

PI]- _ \/(Ci/Lij)ﬁﬁ(Ci/Lij);zz Eq (1)
2

where: Plj = pollution index for designation j; Ci

= concentration of water quality parameter i; Lij

= concentration of water quality parameter i

listed in the standard for water designation j; M

= maximum; R = average.

The maximum Ci/Lij is obtained from the Ci/Lij
equation depending on the number of water
quality parameters measured, and the value of

the largest Ci/Lij is selected. The average Ci/Lij
is obtained from the values of the Ci/Lij equation
for each parameter summed up and divided by
the number of water quality parameters
measured.

Pollution Index was based on 17 water
quality parameters, namely temperature, pH,
and dissolved oxygen (DO), Chemical Oxygen
Demand (COD), Biological Oxygen Demand
(BOD), Ammonia (NH;3-N), Nitrate (NO3-N),
Nitrite (NO»-N), Total Phosphate, Phenol,
Dissolved Zinc (Zn), Dissolved Manganese
(Mn), Dissolved Iron (Fe), Dissolved Lead (Pb),
Dissolved Copper (Cu), Sulfide as (H2S), and
Sulfate. The first step in determining water
quality used the pollution index (PI) method to
calculate the value as in Equation (1), then the
evaluation of the PI value was included in Table
3.
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Table 3. Status of water quality criteria in Pollution Index

Methods in determining post-mining kake water quality 5

Score Range

Water Quality Status

0<PI<1,0
1,0<PI<5,0
5,0<PI<10
P1>10

Meets quality standards
Lightly polluted
Moderately polluted
Heavily polluted

Source: Decree of the Minister of Environment of Republic Indonesia No. 115/2003

STORET water quality index

STORET method principally compares water
quality data with water quality standards in
accordance with its designation. This method is
usually through periodic measurements over
time to form time series data. The way to
determine the status of water quality is by using
the value system from the US-EPA (U.S.
Environmental Protection Agency) (Decree of
the Minister of Environment of Republic
Indonesia No.115/2003).

Table 4. The water quality scoring system

This research uses the calculation of water
quality data for 2017, 2020, and 2023. If the
measurement results meet the water quality
standard value, the score is 0, and if the
measurement results do not meet the water
quality standard value, the score is given
according to Table 4. Water quality parameters
can be divided into physical, chemical, and
biological parameters. The three types of
parameters have different score systems.

Number of parameter samples Value Parameter

used Physical Chemical Biological

<10 Maximum -1 -2 -3
Minimum -1 -2 -3
Average -3 -6 -9

> 10 Maximum -2 -4 -6
Minimum -2 -4 -6
Average -6 -12 -18

Source: Decree of the Minister of Environment of the Republic Indonesia No. 115/2003

The measurement of water quality
parameters through maximum, minimum, and
average values is compared with the quality
standard value. The number of negatives (the
calculation value does not meet the quality

standard) of all parameters is calculated and the
quality status is determined from the number of
scores obtained using a score system. The values
obtained are then classified into four classes of
water quality status as follows (Table 5).

Table 5. Water quality classification in STORET method following US-EPA grading system

Class Score Characteristic of water quality
A 0 Meets quality standards
B -1t0-10 Lightly polluted
C -11to0 -30 Moderately polluted
D >-30 Heavily polluted

Source: Decree of the Minister of Environment of Republic Indonesia No. 115/2003

Determination of the designation of water
quality standards is carried out by comparing the
results of water quality measurements with the
water quality standards listed in Government
Regulation of Republic Indonesia No. 22/2021.
Water quality classification is determined into
four classes, namely:
1) Class I, water intended for drinking water
raw water and or other designations that
require the same water quality as these uses.

2) Class II, water intended for water recreation
infrastructure / facilities, freshwater fish
farming, animal husbandry, water for
irrigating crops and or other designations that
require the same water quality as these uses.

3) Class III, water intended for freshwater fish
cultivation, animal husbandry, water for
irrigating crops and or other uses that require
the same water quality as these uses.
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4) Class IV, water intended for irrigating crops
and or other uses that require the same water
quality as these uses.

RESULTS AND DISCUSION

By referring to Indonesian water quality
standards, this study generally determined that
water quality of station 1 (Pit Lake 1
Saingprupuk Erai) and station 2 (Natural Lake
Gentung Dayo) are only suitable for agricultural
or irrigation activities (class [V), while station 3
(Pit Lake IT Saingprupuk Duo) is not suitable for
all four use classes based on Government
Regulation of Republic Indonesia No. 22/2021.
Parameters that have not met the general water
quality standards were Dissolved Oxygen (DO),
Chemical Oxygen Demand (COD), Biological
Oxygen Demand (BOD), Total Phosphate, and
Phenol. In addition, specifically for Dissolved
Zinc (Zn) at station III (Pit Lake II Saingprupuk
Duo) the value has not met the quality standards.

pH

Station 1 and Station 2 had more alkaline water
pH categories compared to Station 3 which was
more neutral (Figure 2). Even so, the values
shown from three observation stations meet the
lake water quality standards for all classes. The
pH value will increase along with the natural
neutralization process and correlates with the
age of the lake. An increase in the pH value of
post-mining lake water is generally followed by
decrease in the concentration level of aquatic
minerals, and also increase in the concentration
of aquatic nutrients (Oszkinis-Golon et al.,
2020; Pukacz et al., 2020; Ggsiorowski et al.,
2021).
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Figure 2. pH at three observation stations of lakes in
Lati Petangis Forest Park

Temperature

Temperature measurements showed that the lake
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water quality standards were met for the
designation of all classes based on Government
Regulation of Republic Indonesia No.22/2021
(Figure 3). Water temperature is very important
in measuring water health and determining the
process of nutrient release. Water temperature
also supports the life and development of biota
species in the environment (Peng ef al., 2022).
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Figure 3. Temperature at three observation stations
of lakes in Lati Petangis Forest Park

Dissolved Oxygen (DO)

The DO values obtained from the three
observation stations were only be used for fish
farming and agricultural activities (class III and
IV) (Figure 4). Dissolved oxygen (DO) is
influenced by water temperature as one of the
abiotic factors. Higher water temperature causes
lower dissolved oxygen. The lower dissolved
oxygen value, the worse the water quality.
Dissolved oxygen plays a role in supporting
metabolic processes of aquatic biota and
biogeochemical processes (Wilson, 2010; Carey
& Woelmer, 2020; Febiyanto, 2020; Handoko &
Sutrisno, 2021).

Chemical Oxygen Demand (COD) &
Biological Oxygen Demand (BOD)

The COD values of the three observation
stations meet the water quality standards for
class II, class III, and class IV designations.
BOD value for station 1 meets the quality
standards for all classes, while the BOD values
for stations 2 and 3 only meet the quality
standards for class II, III, and IV designations
(Figure 4). COD is a total organic water whose
value is inversely proportional to dissolved
oxygen (DO). COD is the level of water
pollution by organic substances that can be
oxidized, causing a reduction in dissolved
oxygen content (Mafuyai et al., 2020; Abdullahi
etal.,2021). COD values are always higher than
BOD. Comparison of COD and BOD values can
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determine the number of organic compounds
that are persistent and cannot be degraded by
aquatic microorganisms. Thus, it is able to
investigate the source of origin of organic
contaminants (Mafuyai ef al., 2020; Abdullahi et
al.,2021; Qi et al., 2021).
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Figure 4. Dissolved Oxygen (DO), Chemical
Oxygen Demand (COD), and Biological Oxygen
Demand (BOD) at three observation stations of lakes
in Lati Petangis Forest Park

Ammonia, nitrite, & nitrate

Ammonia, nitrite, and nitrate in waters are
generally other forms of compounds from the
decomposition of nitrogen by microorganisms.
Sources of high nitrogen concentrations in
waters can come from anthropogenic activities
as well as litter from plants around the waters
(Baker et al., 2017; Roland et al., 2018; Zhang
et al., 2022). Nitrate values are always higher
than ammonia and nitrite, but ammonia and
nitrite are much more toxic in waters than
nitrate. The process of changing from ammonia
to nitrite is much slower than the change of
nitrite to nitrate. Nitrite concentrations in
drinkable waters range from 0.01 - 0.1 mg/L and
ammonia ranges from 0.05 - 0.5 mg/L
(Schullehner et al., 2017; Spiridon et al., 2018;
Monson, 2022). Nitrite and ammonia values at
the three observation stations showed <0.5 mg/L
(Figure 5).

Total Phosphate & Phenol

Total Phosphate concentrations at three
observation stations have not met the quality
standards for classes I and II. At the phenol
concentration, the value has not met the quality
standards for classes I, 11, and I1I, while at station
III it has not met the quality standards for all four
classes (Figure 6). The entry of phosphate into
water bodies is heavily influenced by rainfall
through water runoff (Rustiah ez al., 2019; Wang
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Figure 5. Ammonia, nitrate, and nitrite at three
observation stations of lakes in Lati Petangis Forest
Park

et al., 2022). Phosphate is one of the parameters
that trigger eutrophication. The concentration of
phosphate in sediments is higher than phosphate
in surface waters (Rustiah ez al., 2019; Li & Zuo,
2020). Phenol entering waters can be caused by
natural sources such as the decomposition of
dead plants. The nature of phenol in waters can
persist for a long time and very reactive to form
toxic substances (Anku et al., 2017).
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Figure 6. Total Phosphate and Phenol at three

observation stations of lakes in Lati Petangis Forest
Park

Dissolved Zinc & Dissolved Manganese

Dissolved Zinc (Zn) concentrations for station I
and station II meet all four quality standard
classes. While for station III only meets the
quality standards of class IV. In addition,
measurements of Dissolved Manganese (Mn)
concentrations at three observation stations met
all four classes (Figure 7). Excess concentration
of zinc (Zn) produces toxic compounds that can
accumulate in the body of aquatic biota. Zinc
(Zn) enters the water generally due to
anthropogenic activities (Noulas ef al., 2018; Li
et al., 2019). Manganese (Mn) entering waters
generally comes from anthropogenic activities
and natural processes. Manganese (Mn)
concentration strongly influenced by dissolved
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Figure 7. Dissolved Zinc, Dissolved Manganese, Dissolved Iron, Dissolved Lead, and Dissolved Copper at three

observation stations of lakes in Lati Petangis Forest Park

oxygen, pH, sediment composition, and
temperature (Neculita & Rosa, 2019; Kousa et
al., 2021; Nkele et al., 2022).

Dissolved Iron, Dissolved Lead, & Dissolved
Copper

Measurements of dissolved iron (Fe), dissolved
lead (Pb), and dissolved copper (Cu) at three
observation stations met all four quality standard
classes (Figure 7). The entry of dissolved iron
(Fe) into waters comes from mining and
industrial activities, rock weathering, and input
from groundwater (Xiao et al., 2022). High
concentrations of iron in waters cause health
problems for those who consume it (Kumar et
al., 2017). Lead in water becomes toxic and
contaminates aquatic biota through
bioaccumulation and biomagnification
mechanisms (Kotodynska et al., 2018; Li et al.,
2021). The toxicity level of lead (Pb) in waters
is influenced by other water quality parameters,
such as pH, temperature, dissolved organic
matter content, and water hardness (Zheng et al.,
2017). Copper (Cu) is mostly found in water
bodies and surfaces rather than in the bottom.
Copper concentration dynamics are related to
binding with organic matter (Rader et al., 2019;
Yusni & Ifanda, 2020).

Sulfide as H,S & Sulfate

Measurements of sulfide concentrations as H»S
and sulfate at three observation stations met all
four quality classes (Figure 8). Specific
concentrations of organic matter decomposing
into hydrogen sulfide are toxic in aquatic
environments (Siang et al., 2017; Austigard et
al., 2018). Sulfide as H2S in waters comes from
the decay of plants and animals from bacteria or
the direct reduction process of sulfate (Austigard
et al., 2018). H,S as a gas in waters is observed

to determine the potential for organic pollution
of waters. High concentrations of sulfate are
toxic and present serious risks to human health
and ecological balance. Sulfate is widely
sourced from industrial activities, agricultural
runoff, rock weathering, and mining activities
(Wang & Zhang, 2019; Zak et al., 2021).
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Figure 8. Sulfide as H,S and Sulfate at three
observation stations of lakes in Lati Petangis Forest
Park

Water Quality Index

Based on Pollution Index (IP), station 1 meets
the water quality standards for classes II, 111, and
IV, only class I is still lightly polluted. Station 2
is lightly polluted for water criteria classes I, II,
and IIl. Only class IV has good condition
criteria. Station 3 has moderate to lightly
polluted criteria for all four water quality classes
(Figure 9).

Physiochemical parameters used in STORET
calculations were observed temporally. Time
series data of pH, water temperature, Dissolved
Oxygen (DO), Chemical Oxygen Demand
(COD), Biological Oxygen Demand (BOD),
Ammonia (NH3-N), Nitrate (NO3-N), Nitrite
(NO2-N), Total Phosphate, Phenol, Dissolved
Zinc (Zn), Dissolved Manganese (Mn),
Dissolved Iron (Fe), Dissolved Lead (Pb),
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Figure 9. Pollution Index based on class categorized
at each research station at Lati Petangis Forest Park

Dissolved Copper (Cu), Sulfide as (H»S), and
Sulfate of Lati Petangis Forest Park post-mining
lake in 2017 (Sumargo, 2017) and 2020 (DLH
Kab. Paser & FPIK UNMUL, 2020) combined
with the data from this study showed that status
of water lake at station 1 and station 2 only met
the criteria for class IV. While the status of lake
water at station 3 categorizes as heavily polluted
for classes I and II, and moderately polluted for
classes III and IV (Table 6).

Table 6. Water quality status of Lakes in Lati Petangis Forest Park based on STORET method

Score Score
Measurement - Score Score
Parameter Unit Min. Max. Average Cl?ss Clla;ss Class Il Class IV
Station 1 (Pit Lake | Saingprupuk Erai)

Temperature °C 28,800 29,990 29,395 0 0 0 0
pH 7,310 8,210 7,760 0 0 0 0
Dissolved Oxygen 3,470 4,800 4,135

mg/L -10 -2 0 0
(DO)
Chemical Oxygen 8,000 11,890 9,945

mg/L -2 0 0 0
Demand (COD)
Biochemical Oxygen 1,260 3,900 2,580

mg/L -8 -2 0 0
Demand (BOD)
Ammonia (NHs-N) mg/L 0,057 0,082 0,069 - - - -
Nitrate (NOs-N) mg/L 0,055 0,152 0,103 - - - -
Nitrite (NO2-N) mg/L 0,039 0,087 0,063 - - - -
Total Phosphate mg/L 0,030 0,046 0,038 -10 -10 0 -
Phenol mg/L 0,002 0,014 0,008 -8 -8 -2 0
Dissolved Zinc (Zn) mg/L 0,001 0,006 0,003 0 0 0 0
Dissolved Manganese 0,001 0,078 0,039

mg/L 0 0 0 0
(Mn)
Dissolved Iron (Fe) mg/L 0,034 0,080 0,057 0 - - -
Dissolved Lead (Pb) mg/L - - - - - - -
Dissolved Copper (Cu) mg/L - - - - - - -
Sulfide as (H2S) mg/L - - - - - - -
Sulfate mg/L - - - - - - -

STORET total score -38 -22 -2 0
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Measurement Score Score Score Score
Parameter Unit Min. Max. Average Cl?ss Cllallss Class Il Class IV
Station 2 (Natural Lake Gentung Dayo)

Temperature oC 29,600 29,880 29,740 0 0 0 0
pH 6,220 8,290 7,137 0 0 0 0
Dissolved Oxygen 4,280 7,600 5,940

mg/L -4 0 0 0
(DO)
Chemical Oxygen 8,000 19,830 12,963

mg/L -16 0 0 0
Demand (COD)
Biochemical Oxygen 1,900 6,700 3,667

mg/L -16 -16 -4 0
Demand (BOD)
Ammonia (NHs-N) mg/L 0,006 0,077 0,032 - - - -
Nitrate (NOs3-N) mg/L 0,017 0,138 0,064 - - - -
Nitrite (NO2-N) mg/L 0,001 0,029 0,010 - - - -
Total Phosphate mg/L 0,034 0,086 0,059 -20 -20 0 -
Phenol mg/L 0,008 0,020 0,014 -20 -20 -16 0
Dissolved Zinc (Zn) mg/L 0,001 0,010 0,006 0 0 0 0
Dissolved Manganese 0,001 0,037 0,016

mg/L 0 0 0 0
(Mn)
Dissolved Iron (Fe) mg/L 0,034 0,204 0,104 0 - - -
Dissolved Lead (Pb) mg/L 0,010 0,017 0,014 0 0 0 0
Dissolved Copper (Cu) mg/L 0,007 0,013 0,010 0 0 0 0
Sulfide as (H2S) mg/L 0,003 0,003 0,003 - - - -
Sulfate mg/L 11,100 11,687 11,393 0 0 0 0

STORET total score -76 -56 -20 0
Station 3 (Pit Lake Il Saingprupuk Duo)

Temperature oC 29,800 29,950 29,875 0 0 0 0
pH 6,520 7,980 7,157 0 0 0 0
Dissolved Oxygen 3,860 5,100 4,480

mg/L -20 -16 0 0
(DO)
Chemical Oxygen 10,530 28,000 20,303

mg/L -20 -4 0 0
Demand (COD)
Biochemical Oxygen 2,047 4,200 2,812

mg/L -20 -4 0 0
Demand (BOD)
Ammonia (NHs-N) mg/L 0,009 0,053 0,034 - - - -
Nitrate (NOs-N) mg/L 0,043 0,291 0,179 - - - -
Nitrite (NO2-N) mg/L 0,001 0,010 0,004 - - - -
Total Phosphate mg/L 0,039 0,131 0,092 -20 -20 -4 -
Phenol mg/L 0,092 0,240 0,166 -20 -20 -20 -20
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Measurement - Score Score Score Score
Parameter Unit Min. Max. Average Cl?ss Cllallss Class Il Class IV

Dissolved Zinc (Zn) mg/L 0,001 0,061 0,025 -4 -4 -4 0
Dissolved Manganese 0,001 0,037 0,016

(Mn) mg/L 0 0 0 0
Dissolved Iron (Fe) mg/L 0,016 0,481 0,178 -4 - - -
Dissolved Lead (Pb) mg/L 0,010 0,017 0,014 0 0 0 0
Dissolved Copper (Cu) mg/L 0,007 0,013 0,010 0 0 0 0
Sulfide as (H2S) mg/L 0,003 0,003 0,003 - - - -
Sulfate mg/L 49,233 100,640 74,937 0 0 0 0

STORET total score

-108 -68 -28 -20

Source: own study

The calculation and categorization of the
water quality lakes status of Lati Petangis Forest
Park using the Pollution Index (IP) and STORET
showed differences. The STORET method
shows more "polluted" than calculations using
the Pollution Index (IP) method. The Pollution
Index (IP) method bases the calculation on the
maximum parameter value, which is obtained
from the division of the most influential
parameters against the quality standard. While
the STORET method bases the assessment of all
parameters used through the minimum value,
maximum  value, and average value.
Determination of water quality status using the
STORET method is able to see which
parameters exceed or meet quality standards and
more sensitive in describing the dynamic
changes in water quality (Saraswati ef al., 2014;
Barokah et al., 2017).

Using the Pollution Index (IP) and STORET
methods have their own advantages and
disadvantages, as in the Pollution Index (IP),
where the data source comes from a single
observation (single sample), so it is only able to
describe water quality in short moment. As for
the STORET method, the data processed based
on periodic development and time, so it is able
to more fully and sensitively describe water
quality. However, the STORET method needs to
be careful in determining the water quality
parameters, because the assessment is based on
the accumulation of parameters that do not meet
quality standards, so choosing the wrong water
quality parameters can lead to errors in
determining the conclusion of water quality
status (Saraswati et al., 2014). Both the
Pollution Index (IP) and STORET methods can
be used in determining water quality status in

Indonesia becauserecommended through the
Decree of the Minister of Environment of
Republic Indonesia No. 115/2003.

Based on measurements of water quality
parameters, the source of pollution in three
observed lakes is generally related to organic
compounds in the waters, although in the station
3 there is an indicator of zinc (Zn) whose value
exceeds the quality standard. The high
concentration of zinc (Zn) in the waters can be
attributed to the rock formations that make up
the lake, which naturally through the process of
erosion and sedimentation enter the waters
(Rogozin & Gavrilkina, 2008). High organic
compounds in the water are suspected to come
from riparian vegetation through leaf litter and
natural lake processes. Although this statement
needs further study Meanwhile, the high organic
compounds in the water are suspected to come
from riparian vegetation through leaf litter and
natural lake processes. Leaf litter will undergo
decomposition, thus affecting the organic
compounds of the waters (Mutshekwa et al.,
2020). Although, this concern needs further
research.

Indications of organic compound pollution at
three research stations were supported by
plankton data that was found in the research by
DLH Kab. Paser & FPIK UNMUL (2020).
Plankton can be used as bioindicators in
determining water quality (Soeprobowati ef al.,
2021). Phytoplankton growth is influenced by
nitrate and nitrite compounds (Idrus et al,
2017). Station 1 found many species of
Oscillatoria sp. and Navicula sp. The presence
of Oscillatoria sp. is associated with many
organic compounds in the waters (Soetignya et
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al., 2021) and the presence of Navicula sp. is a
warning of deteriorating lake conditions (Yusuf,
2020). Station 2 found many species of Navicula
sp. and Nitzschia sp. Both of species are found
in water conditions with moderate to heavy
pollution categories by nutrients or organic
compounds (Heramza et al., 2021). Station 3
found many species of Nitzschia sp. and Synedra
ulna. Synedra ulna indicates the status of
eutrophic waters (Heramza et al., 2021).

The pollution pattern shown earlier has been
observed in 2020. Concentrations of COD, total
phosphate, phenol were always observed as
sources of lake water pollution in the last 3
years. The source parameters of lake water
pollution are known from the STORET
calculation of the three observation stations.
Therefore, more attention can be focused on
reducing the concentration of COD, total
phosphate, and phenol as organic pollutants.

Determination of water quality status using
the Pollution Index and STORET can provide
advice on the proper method to use as needed.
STORET is recommended because it is more
sensitive (Barokah et al., 2017). On the other
sides, the Pollution Index can also be used to
obtain a quick overview of water quality.

The importance of determining the water
quality status of post-mining lakes is to
determine the potential for lake development.
For example, the pit lake at Collie in Australia
has developed into an aquaculture site for
crustaceans. Rassnitz Pit Lake, Paupitzsch Pit
Lake and Gremmin Pit Lake in Germany have
developed into part of protected areas for nature
conservation (Blanchette & Lund, 2016;
Sakellari et al., 2021). Monitoring the water
quality status of the ex-mining lake in Lati
Petangis Forest Park is necessary to develop the
potential of the area, as contained in the water
designation  class  through  Government
Regulation of the Republic of Indonesia No.
22/2021. Knowing the source of water pollutants
can facilitate the focus of remediation to help
formulating the usage of lake water as drinking
water, water recreation facilities, aquaculture
activities, or agricultural activities.

CONCLUSION

The determination of the water quality status at
three observation stations based on the Pollution
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Index (PI) and STORET methods, shows that
station 1 (Pit Lake I Saingprupuk Erai) and
station 2 (Natural Lake Gentung Dayo) can only
be used for agricultural or irrigation activities
(class IV), while station 3 (Pit Lake II
Saingprupuk Duo) cannot be used for the four
classes based on the Government Regulation of
the Republic of Indonesia No. 22/2021. The
STORET methods shown more sensitive than
Pollution Index. Furthermore, the pattern of
pollution at three observation stations is related
to water organic compounds, such as Chemical
Oxygen Demand (COD), Biological Oxygen
Demand (BOD), Total Phosphate, and Phenol.
Thus, the value of Dissolved Oxygen (DO) is
also affected. Comparison of the two methods of
determining water quality status can provide
advice on the suitable method according to their
needs. Monitoring water quality can help
determine the class of water designation.
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ABSTRACT

The Spine Bahaba (Bahaba polykladiskos), locally known as ‘Gelama Tirusan," is a member of the Sciaenidae fish
family that is distributed across Southeast Asia, reaching as far as North Australia. This species is renowned for
its swim bladder, which produces a distinctive loud sound. Despite its distribution in Southeast Asia, no previous
studies have reported the presence of the Spine Bahaba in Peninsular Malaysia. This research aims to document
the first-ever record of B. polykladiskos in Muar River, Johor, and provide ethnoichthyological insights regarding
this species. The ethnoichthyological data were collected using a convenience snowball sampling technique,
involving the collection of information from communities residing in the Muar area. In total, 47 respondents
participated in the study. The results indicate that a majority of the respondents were familiar with (98%) and had
encountered (94%) B. polykladiskos in both the Muar River and the local fish market. The study also documented
the demand and trade associated with B. polykladiskos in Muar, with recorded prices ranging from RM 20 to RM
11,500 per fish. Furthermore, this research provides an introductory description of the uses and perceived benefits
of B. polykladiskos in traditional medicine, particularly in relation to sexual prowess among male respondents.
The study successfully establishes a baseline information for B. polykladiskos in Peninsular Malaysia using an
ethnoichthyological approach, thus extending the known geographical distribution of this distinctive species.

Keywords: Gelama Tirusan, Peninsular Malaysia, Sciaenidae, traditional medicine
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INTRODUCTION

Spine Bahaba, Bahaba polykladiskos (Bleeker,
1852), known locally as 'Gelama Tirusan' in
Malaysia, was originally described from
Banjarmasin, Borneo, Indonesia. This species is
highly targeted due to the lucrative value of its
swim bladder. However, the taxonomic
classification of B. polykladiskos remains
problematic. Chao et al. (2020) suggest that it
should be reclassified under the genus
Boesemania, (Trewavas, 1977). Nevertheless,
pending the completion of additional studies, it
has been decided to maintain the name B.
polykladiskos (Bleeker, 1852) as suggested by
Parenti (2020). Belonging to the family
Sciaenidae, fish in this family are commonly

referred to as croakers or drums. The Sciaenidae
family is one of the largest perciform fish
families and comprises several economically
significant species (Nelson, 2006; Lo et al.,
2017). The name "croakers" or "drums" stems
from their unique ability to produce sound by
utilising their swim bladder as a resonating
chamber (Nelson, 2006; Ramcharitar et al.,
2006). The Spine Bahaba can reach a maximum
size of 200 cm in standard length (Nurhayati et
al., 2016). Its head and body are entirely covered
by scales, with the complete lateral-line scales.
The species possesses a long and continuous
dorsal fin, with a noticeable notch between the
anterior dorsal spines and the posterior soft rays.
The anal fin consists of two spines, with the
second spine being enlarged (Sasaki, 2001). The
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caudal fin of the Spine Bahaba is typically
emarginate. The body coloration of the species
displays significant variation, ranging from
silvery to dark brown (Figure 1).

Similar to other sciaenids, the Spine Bahaba
typically exhibits demersal behavior and
occupies habitats characterised by sandy or
muddy substrates (Robins et al., 1986; Murdy et
al., 1997). It is predominantly found in shallow
coastal waters and estuaries, often in close
proximity to continental regions. In certain
instances, it has been known to venture into

freshwater environments (Nurhayati et al., 2016).

The species can be found in a depth range of 10

A
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to 35 m (Nelson, 2006; Chao et al., 2020).
Records of the Spine Bahaba's distribution
include the Gulf of Thailand (Yoshida et al.,
2013), the Mekong drainage (Kottelat, 1989;
Rainboth et al., 2012; Huan et al., 2016; Tam et
al., 2019), South Sumatra (Nurhayati et al., 2016;
Ridho & Patriono, 2017), the South China Sea
(Randall & Lim, 2000), and extending westward
to south Borneo (Kottelat, 2013; Chao et al.,
2020; Parenti, 2020) (Figure 2). However, there
is a notable absence of official reports
documenting the presence of this species in the
waters of Peninsular Malaysia within the
existing literature.

Figure 1. Specimen of Spiny Bahaba UMKL 12883 collected in Muar, Johor. A) Freshly caught specimen. B)

Preserved specimen
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Ethnoichthyology, as a branch of
ethnobiology, focuses on exploring the intricate
relationships between humans and fish (Qishi,
2016; Svanberg & Locker, 2020). The local
fishing communities possess valuable traditional
ecological knowledge that can serve as a
significant source of information, particularly
regarding fish behavior, abundance and
distribution, owing to their extensive expertise in
fish biology and classification (Djidohokpin et
al., 2020). However, despite their wealth of
knowledge, the local information derived from
fishing communities has yet to be formally
integrated into fisheries management practices.
By bridging the gap between scientists and
decision-makers, it becomes possible to interpret
and supplement the local fishing community's
knowledge with scientific information, thereby
enhancing the development of effective
management strategies for small-scale fisheries
(Berkes et al.,, 2001). Therefore, a
comprehensive understanding of

-."A.s.:‘ o "“’ '..- X g : 5 S e , o 3
Figure 2. Computer generated native distribution of B. polykladiskos. (AquaMaps 2019)
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ethnoichthyology is crucial, as it not only
enhances our comprehension of marine
ecosystem dynamics and fishing activities but
also contributes to improving the community's
livelihoods, especially when it involves
medicinal purposes or subsistence practices
(Djidohokpin et al., 2020). The potential of
ethnoichthyological studies to serve as valuable
management tools is significant, as they shed
light on critical information that can provide
essential guidelines for biological research,
particularly within the context of the Muar
fishers community.

The documentation of fish utilisation,
particularly for medicinal purposes, requires
immediate attention. It is essential to preserve
and document this knowledge, as it currently
remains unavailable for further study and future
reference. Given the escalating anthropogenic
activities, the alarming rate of biodiversity loss,
and the degradation of natural habitats, the
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invaluable knowledge and insights related to fish
are at risk of extinction, rapidly disappearing if
not adequately documented. Therefore, the
present study aimed to document the occurrence
of B. polykladiskos in the Muar River, while also
collecting ethnoichthyological information from
the local communities.

MATERIALS & METHODS
Study Area

The study area encompasses the Muar River, as
depicted in Figure 3. Serving as the main artery
of the Muar River Basin, the river spans an
estimated width of 150 to 300 m. Its origin lies
within the longitudes 102°14'00" East to
103°04'00" East and latitudes 1°52'00" North to
2°54'00" North. Flowing across three states in
South Peninsular Malaysia—Negeri Sembilan,
Pahang, and Johor—the river stretches a total
length of 329 km (Bahaman et al., 2011; Ching
et al., 2015; Idris et al., 2016). The Muar River
is situated in a region characterised by distinct
seasons: the Southwest Monsoon prevails from
April to September, while the Northeast
Monsoon dominates from October to March.

Malacca straits

g : 3 8 xm
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Over the period from 1991 to 2021, the average
annual rainfall in the Muar River region was
recorded at 2470 mm, accompanied by a mean
air temperature of 25.6 °C (Muar Climate, 2023).
The local topography ranges from 253 mto 1 m
above sea level. The land cover in the water
catchment areas consists of 1.6% wetlands, 8.2%
urban areas, 40.8% agricultural land, and 49.4%
forested areas (Ching et al., 2013). Historically,
the Muar River served as a vital trade route for
merchants accessing the East Coast of
Peninsular Malaysia (ldris et al.,, 2016).
Presently, the river is primarily utilised for
recreational activities, such as fishing and
camping, by local residents (Samah et al., 2011).
The distinct landscape of the Muar River has
also attracted attention from sociological studies
(Samah et al., 2011), providing an exciting
opportunity for ethnoichthyological research.
The local population relies on the Muar River for
various socio-economic activities, including
fishing, aquaculture, recreation, tourism, and
sports (Samah et al., 2011). The lower section of
the Muar River was selected as the study site due
to the presence of several fish markets, which
offer a wide range of potential respondents with
knowledge and experience related to B.
polykladiskos.

Figure 3. The area of sampling for respondents in Muar City
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Data Collection and Analysis

The fish specimen from Muar River, Johor was
caught using a gill net. The specimen was fixed
in 10% formalin and later transferred into 70%
ethanol for long term preservation. The
preserved fish was deposited in the Muzium
Zoologi Universiti Malaya, Kuala Lumpur
(UMKL). Methods of counting and measuring
generally followed Hubbs & Lagler (1964). The
measurements were taken to the nearest 0.1 mm
with digital calipers on the left side of the fish
and measurements of the body parts were
recorded as proportion of standard length (SL).
Fish specimen was identified following Sasaki
(2001) and Yoshida et al. (2013).

Data on ethnoichthyological knowledge
associated with B. polykladiskos were obtained
through the distribution of questionnaires among
local communities in  Muar.  These
questionnaires, derived from the EthnoKIT®
were specifically designed for an exploratory
study, as this research represents the first
documentation of B. polykladiskos in the area.
The questionnaires were structured into two
sections: a demographic questionnaire and an
ethnoichthyological assessment, mirroring the
format of EthnoKIT® which also comprises two
sections. To ensure the acquisition of relevant
data, an exponential non-discriminative
snowball sampling method was employed,
utilising the Google Forms platform. This
approach allowed us to effectively target
respondents  within  the  fisheries-related
community. The survey was conducted over the
course of one month in June 2021. Subsequently,
all collected data were meticulously cleaned and
analysed using Microsoft Excel and SPSS
software  (version 22). Descriptive and
inferential analyses were conducted to examine
the data, employing appropriate statistical
techniques to derive meaningful insights.

RESULTS
Species Account

Class Actinopterygii

Order Perciformes

Family Sciaenidae

Bahaba polykladiskos (Bleeker, 1852)
Table 1; Figure 1

New record. UMKL 12883, 1 ex., 340 mm SL;
Malaysia: Johor: Muar River estuary (2° 2.9974
N, 102° 33.9468 E); coll. Mohd IIham Norhakim
Lokman, 20 February 2021.

Description. Body relatively elongated with a
standard length 340 mm. Caudal peduncle
slender (7.0% of SL), dorsal fin continuous with
a deep notch (XI, 28), lateral line scales
extending onto caudal fin (46+9), anal fin with
two spines and 7 soft rays (I1, 7) with the second
spine largest and stout. Freshly caught fish
silvery color (Figure 1). Detailed morphometric
measurements and meristic counts are provided
in Table 1.

Table 1. Morphometric and meristic data of Bahaba
polyklasdiskos UMKL 12883 in present study.
Measurements in millimeter (mm)

Measurements (mm)

Standard length (SL) 340
Measurements in % of SL

Head length 335
Eye diameter 4.3
Snout to anal-fin origin 66.2
Snout to dorsal-fin origin 34.1
Snout to pelvic-fin insertion 33.7
Pectoral-fin length 23.8
Pelvic-fin length 23.4
Body depth 28.4
Body width 18.3
Dorsal-fin base length 68.2
Longest dorsal spine length 15.2
Anal-fin base length 10.5
Longest anal spine length 17.7
Caudal peduncle depth 7.00
Meristics

Dorsal-fin rays Xl, 28
Anal-fin rays I, 7
Pectoral-fin rays 18
Pored lateral line scales 46+9
Scales above lateral line 7
Scales below lateral line 7
Circumpeduncular scales 15

Ethnoichthyological Study

A total of 47 local individuals residing in the
vicinity of the Muar River participated in the
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questionnaire concerning B. polykladiskos
during the month of June 2021. Table 2 presents
the socio-demographic characteristics of the
study respondents. The majority of the
respondents were male, accounting for 96%
(n=45) of the total, while females constituted
only 4% (n=2). In terms of age distribution, 21%
(n=10) fell within the range of 18-30 years,
followed by 38% (n=18) in the 31 - 40 age group,
and 40% (n=19) were 41 years old or older. The
respondents included individuals from the Malay
community (77%) as well as the Chinese
community (23%). Regarding educational
background, the highest proportion of
respondents completed O-level or SPM (70%),

Table 2. Demography of respondents
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followed by those with a Diploma (23%), and a
bachelor's degree (4%). The survey revealed that
approximately 32% of the respondents were self-
employed, 30% worked in the private sector, 17%
were engaged in fishing activities, 13% worked
as fishmongers, while the remaining individuals
consisted of business owners (4%) and
government sector employees (4%). In terms of
income, the majority of respondents reported
earning between RM 1000 - 2,999 per month
(40%), followed by those earning between RM
3000-4999 per month (30%), above RM 5000
per month (21%), and below RM 1000 per
month (9%).

Demography Frequency Percentage (%)
Gender
Male 45 96
Female 2 4
Age
18-30 years old 10 21
31-40 years old 18 38
41 years old and above 19 40
Race
Malay 36 77
Chinese 11 23
Education
Diploma/Matrik/STPM 11 23
Degree 2 4
Malaysian Skill Certificate 1 2
UPSR/PMR/SPM 33 70
Occupation
Business owner 2 4
Fishermen 8 17
Fishmonger 6 13
government 2 4
Private 14 30
Self-employed 15 32
Income range per month
under RM 1000 4 9
RM 1,000-2,999 19 40
RM 3,000-4,999 14 30
above RM 5,000 10 21
Knowledge and Demand of B. polykladiskos 98% of the respondents demonstrated

In relation to personal experiences of the
respondents with B. polykladiskos, a noteworthy

recognition of the species, with 94% having
actually observed it (Table 3). When queried
about the sources from which they acquired
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information about the species, 41% of the
respondents cited firsthand encounters through
netting the fish, followed by anglers at 20%, and
gaining knowledge through the process of
buying and selling at 13%. Additionally, 13%
mentioned learning about the species through
acquaintances. Other sources of information
were each mentioned by less than 10% of the
respondents, including the internet (7%),
consumption as a luxury food item (2%),
information obtained from magazines (2%), and
personal discovery (2%). The survey also
revealed that the respondents primarily
encountered this species in the Muar River (74%)
and in market areas (21%). To gauge the demand

Ethnoichthyology of Spine Bahaba in Peninsular Malaysia 24

for B. polykladiskos, respondents were asked
about their experiences with purchasing and
selling this species (Figure 4). The results
indicate that 79% of the respondents stated that
they would not buy the fish, while only 21%
expressed  willingness to  purchase it
Correspondingly, 81% of the respondents had
never bought the fish. However, with regard to
selling the species, 70% of the respondents
reported having experience in selling B.
polykladiskos. This is reflected in their responses
regarding the price of B. polykladiskos, with the
maximum recorded price reaching RM 11,500
and a mean price of RM 2,238.22 per fish. It is

Table 3. Knowledge and experience of Muar communities with B. polykladiskos

Knowledge and experience with B. polykladiskos Yes (%)
Personal experience
Recognize B.polykladiskos 98
Have seen B. polykladiskos 94
Source of information
Angler 20
Buyer & seller 13
Fisherman (netting) 41
Friends 13
Internet 7
Luxury food 2
Magazine 2
Self-discovery 2
Location of B. polykladiskos
Market 21
Muar river 74
Never seen S

Demand of B. polykladiskos
90%

~
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80%

70%

60%

50%
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Figure 4. Demand and price range of B. polykladiskos in Muar
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worth noting that the price range for this species
is quite disparate, as the lowest recorded price
stood at only RM 20. This disparity in price was
initially determined by its gender with male has
higher price than female. Then, the price was
determined by its weight whether it exceed 2 kg.

Lower than 2 kg would definitely has lower price.

The price only plummeted after the weight
exceeds 5 kg as based on the weight, the swim
bladder would logically be bigger and highly
sought for traditional medicine.

Activities Involving B. polykladiskos
Subsequently, we aimed to evaluate the level of

involvement of each respondent in catching B.
polykladiskos. Notably, a considerable 66% of

the respondents reported having participated in
the capture of B. polykladiskos, while the
remaining 34% had not engaged in such
activities. Among those involved in catching B.
polykladiskos, diverse opinions were expressed
regarding the optimal timing for catching the fish
(Figure 5). The most frequently cited response
was during periods of brackish water (39%),
primarily in the vicinity of the Muar River. This
was followed by preferences for capturing the
fish during the rainy season (20%) and at night-
time (20%). Additional responses falling under
the category of "Others" included catching B.
polykladiskos during the early part of the year
(6%), towards the end of the year (7%), during
daytime, and during neap tide (2%).

Best time to catch B. polvkladiskos

Year begin :
Yearend
Rainy season *
Day time 2
Night time :

During brackish water -

Neap tides = 2%

0% 5% 10%

15% 20% 25% 30% 35% 40%

Figure 5. Best time to catch B. polykladiskos in Muar

Belief and Uses of B. polykladiskos

Table 4 illustrates the diverse uses and
associated  benefits of consuming B.
polykladiskos as reported by the respondents.
Among the participants, 60% attributed the use
of this species to beliefs and folklore, while 30%
acknowledged its utilisation as a food source.
Additionally, 17% recognized B. polykladiskos
for its traditional medicinal properties.
Interestingly, a smaller proportion (6%)
mentioned its application in surgical sutures.
When examining the perceived benefits of
consuming B. polykladiskos, the respondents
highlighted its contribution to general health
(66%), maintenance of internal organ health

(60%), enhancement of sexual prowess (40%),
and potential longevity effects (15%). On
additional information of the use of B.
polykladiskos is the use in making traditional
cuisine. The Spine Bahaba species, known for its
mild taste and affordability (typically priced at
RM 10 or below), finds a unique utility in local
culinary practices. The swim bladder, commonly
referred to as 'gelembung ikan,' is skillfully
transformed by the community into bite-sized
crispy snacks through deep frying. These crispy
morsels are then incorporated into herbal soups,
where they serve as a traditional remedy in local
folk medicine. Apart from that, B. polykladiskos
also known as the symbol of grandeur, as it is
frequently utilized by locals as a collector's item.
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Table 4. Uses and benefits B. polykladiskos
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Uses of B. polykladiskos

Answered yes (%)

Food
Traditional medicine
Folklore & believe
Surgical suture
Believed benefit of B. polykladiskos
Longevity
Sexual Prowess
Internal organ health
General health

30
17
60
6

15
40
60
66

DISCUSSION

This study represents the first documented
occurrence of B. polykladiskos in Peninsular
Malaysia, specifically within the Muar River in
Johor, Malaysia. The conservation status of B.
polykladiskos is currently classified as data
deficient (DD) in the IUCN Red List of
Threatened Species due to the scarcity of
information regarding its population and life
history (Chao et al., 2020). Habitat degradation
poses a significant threat to this species, as
unprotected spawning habitats in estuaries can
adversely affect the larvae and juveniles of B.
polykladiskos (Chao et al., 2020). A clear
example of the impact of such threats can be
observed in the case of its sister species, Bahaba
taipingensis, which is endemic to China. The
intensive use of bottom trawling has resulted in
high juvenile mortality and has ultimately led to
the commercial extinction of B. taipingensis,
warranting its listing as critically endangered
(CR) on the IUCN Red List of Threatened
Species (Sadovy & Cheung, 2003; Moore, 2012;
Liu, 2020).

In comparison to previous studies, the
application of the ethnoichthyology method in
this research extends beyond the mere
taxonomic identification of fish based on local
names. It also encompasses aspects such as fish
morphology, ecology, behavior, and medicinal
uses (Djidohokpin et al., 2020). Although the
ethnoichthyological information collected in this
study remains limited to the basic knowledge
held by local communities, it serves as a valuable
resource for researchers, laying the groundwork
for future investigations, given that this
represents the first-ever report of B.
polykladiskos in Peninsular Malaysia.

The fish maw derived from Bahaba species
holds significant value in traditional Chinese
medicine, as it is believed to possess various
health benefits, including anti-fatigue properties
(Zhao et al., 2016), immune-boosting effects
(Wen et al., 2015), and anti-aging properties (He
etal., 2021). Consequently, fish maw can be sold
at high prices. Our findings reveal a wide price
range for B. polykladiskos, dependent on the size
and quality of the fish. While the maximum price
recorded reached RM11,500, it remains lower
than the reported price in Sarawak, East
Malaysia, where B. polykladiskos fish maw was
sold for RM60,000 per kg (Latip, 2019). The fish
maw trade holds considerable global market
value, with Hong Kong serving as a major trade
hub. Import data from Hong Kong for the years
2015 to 2018 indicate declared import values
ranging from 264 to 394 million USD (de
Mitcheson et al., 2019). Given the significant
conservation implications, such as high demand
(Ben-Hasan et al., 2021), the uncertain IUCN
status, and evidence of trade activity, it is crucial
to establish specific regulations and conduct
further research on this species in the future.

CONCLUSION

This study presents the initial documentation of
Gelama Tirusan (B. polykladiskos) in Peninsular
Malaysia, specifically within the Muar River of
Johor. Through the application of the
ethnoichthyology approach, the investigation
successfully elucidates the trade activity, uses,
and perceived benefits of this species among
local communities. As a next step, we strongly
recommend the conduction of further research to
ascertain the species' distribution and population
size, as well as to gain a comprehensive
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understanding of its biology  and
ethnoichthyology within the Malaysian context.
Such studies would significantly contribute to
the knowledge base surrounding Gelama Tirusan
and its conservation in Malaysia.
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ABSTRACT

To date, the regulatory framework mediated by Epstein-Barr virus (EBV) BamHI A rightward transcript (BART)
microRNAs (miRNAs) via their interaction with long non-coding RNAs (IncRNAs) in the context of
nasopharyngeal cancer (NPC) pathogenesis remains partially understood. To derive a more complete insight into
this phenomenon, we embarked on a computational study to identify BART miRNAs, mRNAs, IncRNAs, and all
associated factors relevant to NPC tumourigenesis and to characterise their interactions. In silico integration of
multi-level RNA expression and construction of regulatory networks were performed. We found six EBV BART
miRNAs (ebv-miR-BART21-3p, ebv-miR-BART19-3p, ebv-miR-BART15, ebv-miR-BART2-5p, ebv-miR-
BART20-3p and ebv-miR-BART11-5p) that could interact with four mRNAs (EYA4, EYAl, EBF1 and
MACROD?2) associated with NPC pathogenesis. These mRNAs can interact with six non-EBV miRNAs (hsa-
miR-1246, hsa-miR-93-5p, hsa-miR-16-5p, hsa-miR-135b-5p, hsa-miR-211-5p and hsa-miR-1305), which in turn,
could interact with three IncRNAs (CASC2, TPTE2P1 and ARHGEF26-AS1). These findings could shed light on
the roles of dysregulated competing endogenous RNA (ceRNA) network in NPC oncogenesis. In addition, we
have also predicted the oncogenic and tumour suppressive functions of BART miRNAs and IncRNAs, and more
precisely, the involvement of BART miRNAs in DNA repair regulation and apoptosis.
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INTRODUCTION Epstein-Barr virus (EBV) is a linear,
double-stranded DNA virus classified in the
family of Herpesviridae, a subfamily of
Gammaherpesviridae (Sarwari et al., 2016). The

EBYV genome is capable of expressing miRNAs

Nasopharyngeal cancer (NPC) is a rare head and
neck cancer on a global scale, yet it
disproportionately  affects populations in

southern China and Southeast Asia, including
Malaysia (Chang & Adami, 2006). Originating
from the fossa of Rosenmiiller and lining the
nasopharynx epithelial (Tabuchi et al, 2011),
NPC is ranked as the sixth most common cancer
in Malaysia, where Malaysian males are
primarily affected by it, ranking fifth most
common cancer affecting males in Malaysia
(Global Cancer Observatory, 2022). The
correlation of NPC with Epstein-Barr virus
(EBV) infection has been well-documented,
leading to aberrant RNA regulation within the
host (Nakanishi et al., 2017; Tsao et al., 2017).
This association is particularly prominent in type
II (differentiated non-keratinizing carcinoma)
and type III (undifferentiated non-keratinizing
carcinoma) NPC (Su et al., 2023), prevalent
among Asian populations (Wang et al., 2013).

that act similarly to mammalian miRNAs by
binding to the 3’UTR of host mRNAs, albeit via
imperfect complementary binding mediated at
the 5’ seed region of EBV miRNAs (Skalsky &
Cullen, 2010). The miRNAs clusters encoded by
EBV are the BamHI A rightward transcript
(BARTSs) and BamHI H rightward open reading
frame 1 (BHRF1) clusters (Cali et al., 2006).

In terms of disease association, EBV
infection has been correlated with NPC
pathogenesis (Nakanishi ez al., 2017; Tsao et al.,
2017). The post-infection period involving
latency pattern type II is characterised by the
presence of the BART cluster and the absence of
the BHRF1 cluster, where the BART miRNAs
function as oncogenes via down-regulating the
apoptotic host mRNAs by binding to their
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3’UTR (Kang et al., 2015). Incidentally, IncRNA
levels are also affected during EBV infection
(Zhang et al., 2020), with a significant negative
correlation between IncRNAs and BART
miRNAs levels as observed in the down-
regulation of LOC553103 following the up-
regulation of EBV-miR-BART6-3p (He et al,
2016). Thus far, the intricacies underlying the
regulatory network concerning BART miRNAs
and IncRNAs in NPC pathogenesis have not
been fully and definitively established, although
it is apparent that the dysregulation of IncRNAs
(He et al., 2017) and the competing endogenous
RNAs (ceRNA) network (Xu et al., 2020) may
play a role in the disease.

The exploration and understanding of
regulatory mechanisms between BART miRNAs
and the ceRNA network could unveil potential
biomarkers on a preliminary level for early
diagnosis, improve survival rates, and develop
therapeutic targets for highly metastatic EBV-
positive NPC. The deep-seated location of the
nasopharynx, coupled with the absence of
noticeable clinical symptoms in the early stage,
contributes to the high mortality in NPC owing
to its invasive and metastatic nature (Tabuchi et
al., 2011; Wang et al., 2017; Dwijayanti et al.,
2020; Tan et al., 2022).The ceRNA regulatory
network involves the binding of miRNAs to both
mRNAs and IncRNAs and is based on the
hypothesis that IncRNA and mRNAs regulate
each other by competing for binding sites on
shared miRNAs through partially
complementary sequences known as the miRNA
recognition elements (MREs) (Salmena et al,
2011). Anomalies in this regulatory network are
commonly linked to tumorigenesis (Lee &
Young, 2013).

To unravel the interaction among EBV-
BART miRNAs, mRNAs, and IncRNAs in NPC
pathogenesis, we performed a computational
analysis involving constructing and analysing a
regulatory network that combines the ceRNA
and EBV-miRNAs-mRNAs networks. The
outcomes were complemented by the curative
and integrative analysis of the expression data of
IncRNA, miRNA and mRNA extracted from the
Gene Expression Omnibus (GEO) database. Our
findings reveal novel conceptual insights into the
regulation of IncRNAs by EBV-BART miRNAs
with the uncovering of potential biomarkers for
therapeutic design and the plausible effects on
the modulation of DNA repair and apoptosis in
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the context of NPC pathogenesis.
MATERIALS AND METHODS

Retrieval of Microarray Data Pertaining to
MicroRNAs (miRNAs), Long Non-Coding
RNAs (IncRNAs) and Messenger RNAs
(mRNAs)

The microarray gene expression profiles of
messenger RNAs (mRNAs), microRNAs
(miRNAs) and long non-coding RNAs
(IncRNAs) from nasopharyngeal cancer (NPC)
were retrieved from the Gene Expression
Omnibus (GEO) database hosted on the National
Centre for Biotechnology Information (NCBI)
website (Karagkouni et al., 2020). Specifically,
the access year of the datasets was between 2020
and 2023. The keyword ‘“nasopharyngeal
carcinoma” was used, and the organism filter
was set to Homo sapiens. Excluded datasets
were from those that are: (i) of cell line samples,
(i1) without normal nasopharyngeal controls, and
(iii) those submitted before 2014. This filtering
is to ensure that the expression datasets follow
updated microarray guidelines and protocols.
Subsequently, all the datasets were checked for
quantile normalization, and quantile
normalization was done using an R software
called Limma R package in R studio (version
4.0.1).

Identification of Differentially Expressed
mRNA (DEmRNA), Differentially Expressed
IncRNA (DEIncRNA), and Differentially
Expressed miRNA (DEmiRNA)

The DEmRNAs, DEmiRNAs, and DEIncRNAs
were identified using GEO2R (Chen et al., 2015).
The cut-off criteria were p-value <0.05 (Ye et al.,
2015) and |log2 fold-change| > 1 (Liu et al., 2019)
to ensure statistically significant. Subsequently,
the overlaps of differentially expressed RNAs
between two or more datasets were identified
and visualised using Venn diagrams via the
Venny Tool resource.

Identification of DEmiRNA-Target mRNA
Interaction

Gene targets of DEmiRNAs were identified
following inverse expression correlation using
computationally-predicted functions in miRwalk
2.0 and an experimentally validated database of
miRTarBase (Zhu et al., 2020). For miRWalk 2.0,
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the cut-off criteria were p-value <0.05, and those
are common in at least five databases integrated
into miRWalk 2.0, while for miRTarBase, the
predicted target mRNAs with both “less strong”
and “strong evidence” validation methods were
selected. Then, all the target mRNAs from all the
databases were combined. The overlapping
datasets of predicted target mRNAs and
DEmRNASs were examined and visualised using
Venn diagrams.

Identification of DEmiRNA-Target IncRNA
Interaction

The IncRNAs targeted by DEmiRNAs were
identified wusing experimentally supported
interaction databases, namely DIANA-LncBase
V3 and StarBase V2 (Hu et al, 2020). The
parameters for DIANA-LncBase V3 were set to
Homo sapiens for species and high miRNA
confidence level to ensure accuracy. Meanwhile,
for StarBase V2, the parameters were set to strict
stringency (>=5) for the CLIP Data and low
stringency (>=1) for the Degradome Data
parameter (Liang & Sun, 2019). For the
computational  prediction, miRcode and
DIANA-LncBase V2 databases were utilized.
The parameters for miRcode were set as gene
class for all IncRNAs, site conservation for most
mammals, and transcript region for any/ncRNA.
Conversely, the parameter for the DIANA-
LncBase V2 database was set to a default
threshold > 0.07 for high sensitivity and
precision (Liang & Sun, 2019). All the target
IncRNAs from all the databases were combined.
The comparison of predicted target IncRNAs
with DEIncRNAs was examined and visualised
using Venn diagrams.

Construction of mRNA-miRNA-IncRNA
ceRNA Network

The  mRNA-miRNA-IncRNA  competing
endogenous RNA (ceRNA) network was
constructed using Cytoscape software (Version
3.8.2) (Yang et al., 2011) to merely visualize
mRNA-miRNA-IncRNA interaction according
to the parameters mentioned during the curation
of target mRNAs and IncRNAs for DEmiRNAs.
Within the network, the IncRNAs served as the
target IncRNAs of DEmiRNA, while the
mRNAs acted as the target genes for
DEmiRNAs. The mRNAs and IncRNAs,
regulated by common miRNAs, were selected
for constructing the ceRNA network by merging
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DEmiRNA-target mRNA and DEmiRNA-target
IncRNA interactions.

Construction of EBY miRNA-mRNA
Interaction Network

The predicted EBV ~ miRNAs-mRNAs
interaction was identified by using ViRBase
(Zhou et al., 2019), and the keyword search for
Virus Type was set to Human gammaherpesvirus
4 (Jing et al., 2018). The cut-off criterion was set
to a confidence score of 0.5 to 1.00. Only EBV
miRNAs from the BamH]1 fragment A transcript
(BART) cluster were selected due to its
overexpression in NPC tumor samples and cell
lines (Zhang et al, 2022). Next, the mRNAs
interacting with the EBV miRNAs overlapped
with the ceRNA DEmRNA using a Venn
diagram. Subsequently, the EBV miRNA-
mRNA interaction network was constructed and
visualised using Cytoscape (Zhou et al., 2019).

Construction of Protein-Protein Interaction
(PPI) Network

The physical protein-protein interaction (PPI)
among the expressed proteins of DEmRNAs was
identified using the Search Tool for the Retrieval
of Interacting Gene (STRING) database (Jing et
al., 2018) to visualise the indirect and direct
interaction types of the PPI. A cut-off criterion
of a combined score > 0.4, representing a
medium or high confidence level, was applied
(Tang et al., 2018). Then, the PPI network was
constructed, visualised and analysed in
Cytoscape software using the STRING database
plug-in; with a combined score of more than 0.55,
a medium or high confidence was set for
stronger interaction evidence. Following this, the
cytoHubba plug-in of the Cytoscape was used to
filter out the top 20 hub genes, which are
strongly connected to each other, using the
degree algorithm (Xu et al., 2020). Here, the hub
genes refer to the genes expressing the proteins
in the PPI network. Additionally, the Network
Analyzer plug-in of the Cytoscape was utilised
to further filter out hub genes among the top 20
hub genes by calculating the node degree
(Karagkouni et al., 2020). An undirected
network parameter was applied to further filter
out the hub genes. Genes with a connectivity
degree greater than five were considered hub
genes level genes due to being deemed as
contributor causes of biological processes (Han
et al, 2004; Ye et al, 2018). Lastly, the
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Molecular Complex Detection (MCODE) plug-
in of the Cytoscape was used to analyse and
screen for the gene modules of the PPI network
(Chen et al., 2015). The parameters used were
degree cut-off = 2 for network scoring, a node
score cut-off = (.2 for cluster finding, k-core =2,
and max. Depth = 100 (Yan et al., 2019). Self-
edges nodes were excluded by turning off Loops,
the Haircut option was included to remove singly
connected nodes from clusters, and the Fluff
option was excluded to prevent the expansion of
the cluster core (Bader et al., 2020). The gene
modules with scores > 4 and nodes > 4 were
considered significant.

Construction of Transcription Factors (TF)-
mRNAs Network

The predicted transcription factors (TFs) among
the DEmRNAs were identified using the
TFcheckpoint database (Zhong et al., 2019),
focusing solely on TFs supported by
experimental evidence. A comparison of TFs
with the DEmRNAs was made using Venn
diagrams. Subsequently, the TFs-DEmRNAs
network was constructed and visualized using
Cytoscape (Zhou et al., 2019). Any of the TFs
observed as hub genes in the PPI network were
considered as hub TFs (Jing et al., 2018).

Construction of Cross-Regulatory Networks
(Transcription Factor (TF)-DmRNAs,
Competing Endogenous Network (ceRNA),
EBY miRNAs-DEmRNASs)

All three networks (TF-DEmRNAs, ceRNA,
EBV miRNAs-DEmRNAs) were examined
using Cytoscape to identify overlapping RNAs.
These shared RNAs were then used to construct
a cross-regulatory network to visualise the
regulatory interactions between the RNAs with
EBV BART miRNAs using Cytoscape (Zhou et
al., 2019).

Functional and Pathway Enrichment
Analysis of DEmRNAs Affected by EBV
miRNAs

Database for Annotation, Visualisation and
Integrated Discovery (DAVID) database was
utilised to identify the cellular functions and
pathways affected by EBV BART miRNAs in
NPC tumorigenesis (Yan et al, 2019). The
database provides Gene Ontology (GO) terms,
including Biological Processes (BP), Molecular

Epstein-Barr virus regulation on ceRNA network 33

Function (MF) and Cellular Component (CC), to
dissect the affected cellular functions of the
DEmRNAs targeted by EBV BART miRNAs
(Zhang et al, 2019). Besides this, DAVID
provided KEGG pathway enrichment analysis
used to explore the affected pathway by EBV
BART miRNAs (Yang et al., 2019). Both GO
and KEGG pathway analyses were subjected to
a cut-off criterion of p-value < 0.05 (Zhou et al,,
2019). The results of the enrichment analyses
were visually represented using bubble plots in
GraphPad Prism (Version 9.1.0).

Statistical
Visualization

Analysis and Network

The differentially expressed RNAs between
groups in this study were estimated by using a
student t-test generated by the GEO2R, while the
Benjamini—-Hochberg false discovery rate was
used to generate p-value adjustment to minimise
false positive results (National Center for
Biotechnology Information, 2024). For Gene
Ontology (GO) enrichment analysis, DAVID
utilises Fisher’s exact test to avoid counting
duplicated genes (DAVID Bioinformatics
Resources, 2021). Notably no statistical analysis
was done on all the networks constructed using
Cytoscape software, as its primary function is
only to link and visualise interactions between
EBV BART miRNAs and all the RNAs. The
interactions between the EBV BART miRNAs
and RNAs retrieved from the databases used
were identified by using algorithms tailored to
each database, especially computationally
predicted.

RESULTS

Microarray Data of MicroRNAs (miRNAs),
Long Non-Coding RNAs (IncRNAs) and
Messenger RNAs (mRNAs)

Five datasets were extracted from the microarray
gene expression profiles curated from Gene
Expression Omnibus (GEO) database. These
include one dataset for miRNAs (GSE70970),
three datasets for IncRNA (GSE95166,
GSE126683 and GSE61218), and two datasets
for mRNA (GSE64634 and GSE126683). The
information about these datasets is provided in
Supplementary Table 1. GSE126683 and
GSE61218 each contain a combination of
IncRNA and mRNA expression data.
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Identification of Differentially Expressed
mRNA (DEmRNA), miRNA (DEmiRNA) and
IncRNA (DEIncRNA)

The DEmRNA, DEmiRNA and DEIncRNA data,
assayed via Gene Expression Omnibus 2 R
(GEO2R), is provided in Supplementary Table 2.
Comparative analysis of each type of
differentially expressed RNAs is illustrated in
Supplementary Figures 1 and 2. Regarding the
IncRNA datasets from GSE95166, GSE126683
and GSE61218, no overlap was observed among
the wup-regulated IncRNAs (Supplementary
Figure 1la). However, for down-regulated
IncRNAs, overlapping data showing three
common/shared IncRNAs among the datasets
was evident (Supplementary Figure 1b). These
were Cancer Susceptibility Candidate 2
(CASC2), Transmembrane Phosphoinositide 3-
phosphatase and Tensin homolog 2 pseudogene
1 (TPTE2P1), and Rho Guanine Nucleotide
Exchange Factor 26 Antisense RNA 1
(ARHGEF26-AS1). For the overlapping data of
the three mRNA datasets of GSE64634,
GSE126683 and GSE61218 they revealed 65
commonly up-regulated (Supplementary Figure
2a) and 123 down-regulated mRNAs
(Supplementary Figure 2b). No comparison was
made for the miRNA dataset (GSE70970)
because only one such dataset was available
from 2014 onwards until 2023.
Identification of Interaction Between
DEmiRNA and mRNA or IncRNA

The target mRNAs interacting with DEmiRNAs
(in the GSE70970 dataset) were obtained from
miRwalk 2.0 and miRTarBase databases. The
results of the target mRNAs for both up-
regulated and down-regulated miRNAs from the
combined databases were compared with the
DEmRNAs and illustrated using a Venn diagram
(Supplementary Figure 3 and 4, Supplementary
Tables 3 and 4). Specifically, the Venn diagram
illustrates the number of target mRNAs of the
up-regulated miRNAs when overlapped with the
123 down-regulated DEmRNAs. For the target
IncRNAs interacting with the DEmiRNAs, they
were obtained from the DIANA-LncBase V3,
StarBase V2, miRcode and DIANA-LncBase V2
databases. Results of the target IncRNAs for the
up-regulated miRNAs from the combined
databases were compared with the DEIncRNAs
and illustrated wusing a Venn diagram
(Supplementary Figure 5 and Supplementary
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Table 5). The Venn diagram demonstrates the
target IncRNAs of the up-regulated miRNAs
when they overlapped with the three down-
regulated IncRNAs.

IncRNA-miRNA-mRNA ceRNA Competing
Endogenous RNA (ceRNA) Network
Construction

The  constructed IncRNA-miRNA-mRNA
competing endogenous RNA (ceRNA) network
comprises of 17 up-regulated DEmiRNAs,
interacting with 58 down-regulated DEmRNA:s,
and 3 down-regulated DEIncRNAs (Figure 1 and
Supplementary Table 6). The ceRNA network
illustrates the intricate interactions and interplay
among all the RNAs, both directly and indirectly,
shedding light on how the dysregulation of one
RNA could affect the expression level of other
RNAs in the context of NPC tumorigenesis.
However, it is worth noting that only one ceRNA
was constructed due to no common up-regulated
IncRNAs in the three GEO datasets (GSE95155,
GSE126683 and GSE61218).

EBV miRNA-mRNA Interaction Network
Construction

Utilising the ViRBase database, it revealed 5,411
interactions between Epstein-Barr Virus (EBV)
BamH]1 A transcript (BART) miRNA and mRNA.
Results of overlapping this data with the down-
regulated DEmRNAs in the competing
endogenous RNA (ceRNA) network using the
Venn diagram and Cytoscape revealed four
common down-regulated DEmRNAs, namely
Early B-cell factor transcription factor 1 (EBF1),
Mono-ADP Ribosylhydrolase 2 (MACROD?2),
Eye Absent transcriptional coactivator And
phosphatase 1 (EYAl) and Eye Absent
transcriptional coactivator And phosphatase 4
(EYA4) (Supplementary Figure 6 and Figure 2).
These DEmRNAs were used to construct the
EBV BART miRNA-mRNA network and
visualised using Cytoscape (Figure 3). We
demonstrated the regulatory relationship
between the EBV BART miRNA and the
DEmRNAs, whereby the former could down-
regulate the latter. Specifically, we inferred that
EYA4 interacts with ebv-miR-BART19-3p and
ebv-miR-BART15; EYA1 interacts with ebv-
miR-BART21-3p and ebv-miR-BART12-5p;
MACROD?2 interacts with ebv-miR-BART20-
3p; and EBF1 interacts with ebv-miR-BART11-
5p (Figure 3).
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Protein-Protein Interaction (PPI) Network
Construction

As indicated by the Search Tool for the Retrieval
of Interacting Gene (STRING) database of the
Cytoscape  plug-in, the  protein-protein
interaction (PPI) network of the down-regulated
common mRNAs in three of the GEO datasets
(GSE64634, GSE126683 and GSE61218)
exhibited 123 nodes and 179 edges. Notably,
seventy-seven of the proteins expressed
interacted with each other (Figure 4), hinting at
shared similar biological functions. Following
CytoHubba filtration of the top 20 DEmRNAs,
DNAHS was ranked first with 21 degrees of
connectivity, while DNAAF1 exhibited the
lowest connectivity degree with 7 degrees
(Figure 5). Subsequently, eighteen of the
DEmRNASs have a connectivity degree of greater
than five based on Network Analyzer analysis.
Among them, DNAHS5 interacted with 18
DEmRNAs, exhibiting the highest connectivity
degree whereas both DNAAF1 and TEKTI1
exhibited the lowest connectivity by interacting
with 6 DEmRNAs (Figure 6, Supplementary
Table 7). These DEmRNAs are considered hub
genes and potential tumour suppressors due to
their ability to control the expression of other
multiple genes. Furthermore, 2 gene modules or
protein sets in the PPI network (Module 1 and 2)
were generated via MCODE (Table 1, Figure 7).

The genes in Module 1 consisted of hub genes,
unlike Module 2. Notably, the genes within both
modules are neighbouring genes packed closely
together in the PPI network and are highly
interconnected with each other compared to
other genes in the PPI network. Meaning these
DEmRNASs or proteins are closely related and
functionally similar in each module. The
functions primarily influence proper cilia
functions and motility. This suggests that the
down-regulation of genes in these modules may
cause nasopharyngeal carcinoma (NPC) by
affecting the nasal ciliary motor’s function,
impairing fluid and particle clearance in the
nasopharynx (Ringers et al., 2020).

Construction of Transcription Factors (TF)-
mRNAs Network

The TFcheckpoint database yielded 1,021
transcription factors (TFs), of which two, EBF1
and NR2F2, were found to overlap with the
down-regulated DEmRNAs identified in the
three GEO datasets (GSE64634, GSE126683
and GSE61218) by using Venn diagram
(Supplementary Figure 7). However, upon
visualization in Cytoscape, neither of these TFs
showed links with other DEmRNAs in the
protein-protein  interaction (PPI) network
(Figure 8). As such, no TF-mRNAs network was
constructed.



Daphne & Edmund 2024

Epstein-Barr virus regulation on ceRNA network

CCBES! RS2 clomnor
NORN? il
MORNS Cliem LRR@34
RIBE1 cc K5
TT@% AKB14
\ | LRWe2  RSRMI0B jogwt-_FEART3
7 TEES | EnR 1080
SPAmA17 Clos S Vel SPm

WreC2
PRIKW.?M\ MAORED2  MSMB

0seP!  zmBX  STEMP4  TRRP3

B
oy ADRC - ay
DHRSY LRTOMT SHBN
AKRBC3 e CASE1
ot SPAMAS
PPRIR3 SPABAG

- B89
SLOBA4 KONRG ERBB VML
C11@i15 LRRO45 RRAD EFGAB1 TEWO32 ADRM2ANRRF2 COM4 C110W85 CCDBISS MAK SORBS2 STEGABNACT
CABS  CHST C118M53 TMBS GUEP1 COui16 SRBX NEM(1 CHESH LEBR C1i@W52 CRWM LRR@I0
88 PLABSI0 EBF1 TNEWMSE CA@2 TSRAN1 CSMKO AGR3 FAME3A SYRL2 NEMID COom(35 SLOBIAG
CHB2 SELBNBP1 BORG1

Figure 4. The protein-protein interaction (PPI) between all the down-regulated DEGs retrieved from the STRING
database shows 123 nodes and 179 edges, with 77 of the DEGs interacting with each other out of all the 123 DEGs
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Figure 5. The top 20 DEGs from the PPI ranked according to connectivity degree. Red represents DEG with high
connectivity degree and the colour scheme changes to orange and yellow as the connectivity degree decreases.
The yellow represents the lowest connectivity degree
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Figure 6. Eighteen hub genes or proteins with connectivity degree greater than 5 among the top 20 hub genes
analysed using Network Analyzer analysis. DNAHS5 has the highest connectivity degree where it interacts with 18
other DEGs and, gradually the interaction decreases in a counterclockwise from DNAH5 to TEKTL, that has the
lowest connectivity degrees, similar to DNAAF1 where they interact with 6 other DEGs among themselves

(a) (b)

Figure 7. The two modules in the protein-protein interaction (PPI) network with scores >4 and nodes > 4. Module
1 (a) consisting of all DEGs hub genes, and Module 2 (b) consisting of other DEGs in the PPI. Both modules are
essential in proper cilia functions and motility
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Table 1. The genes or expressed proteins by the genes consisted in gene modules 1 and 2 extracted from the

protein-protein interaction (PPI) network.

Module Score Nodes Edges DEmRNASs or Proteins
1 9.000 9 36 WDR78, DNAH2, DNAH12, DYNLRB2, DNAH6, DNAHS5,
WDR63, DNALI1, DYNC2H1
2 4.000 4 6 FANK1, LRRC23, CCDC113, ENKUR
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Figure 8. The transcription factors (TF)-mRNAs network model showing the two TFs, EBF1 and NR2F2 (green

eclipse), that are not connected to the other down-reg
(PPI) network

Construction of Cross-Regulatory Networks
(Competing Endogenous RNA (ceRNA) and

Epstein-Barr virus (EBV) BamHI A
rightward transcript (BART) miRNAs-
DEmRNASs network)

The cross-regulatory network was constructed
by merging the two networks, the competing
endogenous RNA (ceRNA) network and
Epstein-Barr virus (EBV) BamHI A rightward
transcript (BART) miRNAs-DEmRNAs
network in Cytoscape. It unveils interactions
among six EBY miRNAs (ebv-miR-BART21-3p,
ebv-miR-BART19-3p, ebv-miR-BART15, ebv-
miR-BART2-5p, ebv-miR-BART20-3p and ebv-
miR-BART11-5p), four DEmRNAs (EYA4,
EYA1l, EBF1 and MACROD2), and six
DEmiRNAs (hsa-miR-1246, hsa-miR-93-5p,
hsa-miR-16-5p, hsa-miR-135b-5p, hsa-miR-

ulated DEGs (red eclipse) in the protein-protein interaction

211-5p and hsa-miR-1305). In addition, three
DEIncRNAs  (CASC2, TPTE2P1  and
ARHGEF26-AS1) are interacting with six of
these DEmiRNAs (Figure 9 and Table 2). The
cross-regulatory network reveals that EBV
BART miRNAs down-regulate the four
DEmRNAs, leading to the up-regulation of the
six host miRNAs. This occurs due to the limited
availability of DEmRNAs for repression of
degradation, resulting in the down-regulation of
the three DEIncRNAs because no miRNA was
sponged in EBV-positive nasopharyngeal cancer
(NPC). Notably, the cross-regulatory network
illustrates the interaction of the TF EBF1 with
ebv-miR-BART11-5p. Nevertheless, EBF1 was
not interacting with any other DEmRNAs in the
network. Moreover, no hub genes are shown to
interact with any of the EBV BART miRNAs.
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Figure 9. The cross-regulatory network for the DEL-DEmMIRNAs-DEGs and EBV miRNAs-DEGs networks,
showing four of the EBV miRNAs (ebv-miR-BART21-3p, ebv-miR-BART19-3p, ebv-miR-BART15, ebv-miR-
BART2-5p, ebv-miR-BART20-3p and ebv-miR-BART11-5p) interacting with four of the DEGs (EYA4, EYAL,
EBF1 and MACROD?2). Moreover, these DEGs were interacting with six miRNAs (hsa-miR-1246, hsa-miR-93-
5p, hsa-miR-16-5p, hsa-miR-135b-5p, hsa-miR-211-5p and hsa-miR-1305), and these miRNASs are interacting
with three InNcRNAs (CASC2, TPTE2P1 and ARHGEF26-AS1)

Table 2. The intricate interactions between Epstein-Barr virus (EBV) BamHI A rightward transcript (BART)
miRNAs, DEmMRNAs, DEmiRNAs and DEIncRNAs in the cross-regulatory network

Up-regulated EBV BART Down-regulated

Up-regulated Down-regulated DEIncCRNAs

miRNAs DEmRNAs DEmiRNAs
EBV-miR-BART11-5p EBF1 hsa-miR-211-5p ARHGEF26-AS1
hsa-miR-135b-5p CASC2
EBV-miR-BART20-3p MACROD?2 hsa-miR-1305 CASC2 and ARHGEF26-AS1
EBV-miR-BART21-3p and EYAl hsa-miR-1246 ARHGEF26-AS1
EBV-miR-BART2-5p hsa-miR-93-5p ARHGEF26-AS1, CASC2 and
TPTE2P1
EBV-miR-BART15 and EYA4 hsa-miR-93-5p ARHGEF26-AS1, CASC2 and
EBV-miR-BART19-3p TPTE2P1
hsa-miR-16-5p TPTE2P1

Functional and Pathway Enrichment
Analysis of DEmRNASs

The Gene Ontology (GO) enrichment results
(from DAVID analysis), for the four DEmRNAs
(EYAL, EYA4, EBF1 and MACROD?2) targeted
by the six Epstein-Barr virus (EBV) BamHI A
rightward transcript (BART) miRNAs (ebv-

miR-BART21-3p, ebv-miR-BART19-3p, ebv-
miR- BART15, ebv-miR-BART2-5p, ebv-miR-
BART20-3p and ebv-miR-BART11-5p) in the
cross-regulatory network revealed enrichment in
eleven GO terms at the cut-off P-value < 0.05.
These were eight GO terms for Biological
Processes (BP), two GO terms in Molecular
Function (BF) and one GO term for Cellular
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Component (CC) (Figure 10). The Biological
Processes (BP) revealed the involvement of the
DEmRNAs in regulating DNA repair and
apoptosis. Due to down-regulation by EBV
BART miRNAs, these DEmRNAs were
predicted to be unable to perform their functions,
potentially leading to tumour cell proliferation
and NPC tumorgenesis. Besides, the Molecular
Function (BF) analysis exhibited that the
proteins encoded by these DEmRNAs require
metal ion binding for DNA repair and immune
systems surveillance. Additionally, all these
DEmRNASs were presumed to be located in the
nucleus of the cells when targeted by EBV
BART miRNAs, as indicated by the Cellular
Component (CC) term. However, the KEGG
pathway enrichment analysis for the four
DEmRNAs targeted by the six EBV BART
miRNAs in the cross-regulatory network did not
yield any significant results.

DISCUSSION

In the present study, we constructed a
comprehensive cross-regulatory network by
integrating the competing endogenous RNA
(ceRNA) regulatory and EBV miRNA-mRNA
interaction networks to unravel the intricate
molecular mechanisms mediated by EBV BART
miRNAs during NPC tumorigenesis. We
demonstrated that EBV BART miRNAs target
and dysregulate mRNA expression, thereby
disrupting the intricate balance of gene
regulation. This dysregulation extends to
microRNAs (miRNAs) and long non-coding
RNAs (IncRNAs), leading to the oncogenesis of
NPC. We also infer that the candidate EBV
BART miRNAs and IncRNAs could potentially
have oncogenic and tumour-suppressive
functions. These insights shed light on the
complex interplay between EBV BART
miRNAs, mRNAs, miRNAs and IncRNAs,
providing an  understanding of NPC
tumorgenesis and the development of novel
therapeutic strategies.

The competing endogenous RNA (ceRNA)
network exhibits 58 mRNAs that are indirectly
dysregulated by 3 IncRNAs. This is through 18
miRNAs sponged/targeted by the 3 IncRNAs.
The IncRNAs are suggested to be down-
regulated, which consequently caused the down-
regulation of the mRNAs, independent of the
presence of EBV BART miRNAs. In a previous
study, a ceRNA network showed 2,654 mRNAs
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were regulated by 132 IncRNAs via 565
corresponding miRNAs in NPC using datasets
that were submitted even before 2014 (Xu et al.,
2020). When considering the presence of EBV
BART miRNAs, the four DEmRNASs targeted by
BART miRNAs are assumed to be down-
regulated by these EBV BART miRNAs. This
causes the up-regulation of host miRNAs and
subsequent down-regulation of the IncRNAs. In
this scenario, the BART miRNAs mimic the
function of the host’s miRNAs,
sponging/targeting the host’s mRNAs. In other
words, the BART miRNAs competing with the
host’s miRNAs for mRNAs and incidentally
down-regulated the IncRNAs. This intricate
interplay is believed to contribute to the
development of EBV-associated NPC.

In this study, we uncovered 14 up-regulated
miRNAs similar to those in a previous study (Xu
et al., 2020), but this is not the case for IncRNAs
and mRNAs, which are novel discoveries.
Therefore, 58 mRNA, 17 miRNA and 3 IncRNA
are new non-coding RNAs potentially associated
with NPC tumorigenesis. For the cross-
regulatory network, six of the miRNAs are up-
regulated in NPC tumour samples, cell lines and
serum, excluding hsa-miR-211-5p and hsa-miR-
16-5p (Zhu et al., 2009; Plieskatt et al., 2014;
Tang et al., 2014), and our results here are the
first to connect them with the tumorigenesis of
NPC. Interestingly, hsa-miR-16-5p, hsa-miR-
211-5p and hsa-miR-1305 are observed to
demonstrate opposite effects in various cancers,
including non-small cell lung cancer (NSCLC)
and hepatocellular carcinoma (HCC), where
they are down-regulated and elicit the up-
regulation of their target mRNAs, including
XIST, MDM2 and ACSLA4 (Cai et al., 2019; Qin
et al., 2020; Du et al., 2021).

In addition, to identify interactive
relationships among down-regulated mRNAs,
the protein-protein interaction (PPI) network
was constructed (Tang et al., 2018) and it unveils
18 hub genes with connectivity degree greater
than 5. These genes, interacting with more than
5 other genes in the PPI network, possess the
capacity to regulate the expression of other
multiple genes. Notably, these hub genes are
potential new candidate NPC-associated hub
genes compared to a previous study by Xu et al.
(2020). However, the cross-regulatory network
analysis did not reveal the targeting of these hub
genesbysix of the BART miRNAs
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Figure 10. The Gene Ontology (GO) enrichment results for the DEGs targeted by EBV BART miRNAs in the
cross-regulatory network showing (a) 8 GO terms for Biological Processes (BP), (b) one GO term for Cellular
Component (CC), and (c) one GO terms for Molecular Function (BF)

Furthermore, these dysregulated hub genes co-
expressed together in a module, termed module
1, affecting similar biological functions essential
for healthy nasopharynx functions. Both module
1 and module 2, are pivotal for normal motile
cilia functions (Rashid et al., 2006; Johnson et
al., 2018; Zhu et al., 2019; Vig et al., 2020;
Bazan et al., 2021; Braschi et al., 2022). Thus,
hypothetically the down-regulation of these
modules genes contributes to NPC by affecting
the nasal ciliary motor. Motile cilia lining the
nasopharynx is crucial for coordinated beating,
facilitating proper flow and clearance of fluids
and particles (Ringers et al., 2020; Lee et al,

2021).

Therefore, when EBYV infection occurs,
individuals with mucociliary clearance defect
are predisposed to EBV-positive NPC
tumorigenesis resulting from the ineffective
sweeping of mucus covering the nasal
epithelium towards the mnasopharynx by
coughing, impeding the removal of particles and
pathogens from the respiratory tract (Marttin et
al., 1997; Gizurarson, 2015; Kamiya et al,
2020). Consequently, EBV gains the opportunity
to colonize epithelial cells and B-cells in the
nasopharynx. Our data from the analysis of this
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cross-regulatory  network  highlights  the
interaction between six EBV miRNAs (ebv-
miR-BART21-3p, ebv-miR-BART19-3p, ebv-
miR-BART1S5, ebv-miR-BART2-5p, ebv-miR-
BART20-3p and ebv-miR-BART11-5p) and four
DEmRNAs (EYA4, EYAl, EBFl1 and
MACROD?2), resulting in their down-regulation.
Subsequently, this causes the up-regulation of
six miRNAs (hsa-miR-1246, hsa-miR-93-5p,
hsa-miR-16-5p, hsa-miR-135b-5p, hsa-miR-
211-5p, and hsa-miR-1305), leading to the up-
regulation of three IncRNAs (CASC2, TPTE2P1,
and ARHGEF26-AS1). Based on this, the
association of EBV with NPC can be deduced
through the regulatory mechanisms of EBV
BART miRNAs targeting the host’s mRNAs,
thereby affecting both miRNAs and IncRNAs
that interact with them. Currently, the interplay
interactions between EBV miRNAs and
IncRNAs in NPC have not yet been updated,
apart from our study, as the interest has shifted
towards  understanding  the  regulatory
mechanisms of EBV miRNA/IncRNA on
circular RNA (circRNA) in NPC.

Previous studies have consistently reported
high expression levels of all six BART miRNAs
in NPC tissue samples, cell lines and serum
samples (Cosmopoulos et al., 2009; Song et al.,
2016; Lung et al., 2018; Jiang et al., 2020; Zhou
et al., 2022). However, conflicting findings were
noted for BART15 expression in NPC cell lines,
with Amoroso et al. (2011) revealing it was
barely expressed, and Lung et al. (2018)
revealing it is undetected, while Cosmopoulos et
al. (2009) observed it is highly expressed in both
NPC cell line and tumour biopsy. In terms of the
interaction of these six BART miRNAs in NPC,
only BART2-5p was found to down-regulate the
gene RND3 expressions in NPC pathogenesis
(Jiang et al, 2020). In other cancers, only
BARTI11-5p was observed interacting with
EBF1 in the EBV-transformed lymphoblastoid
cell line (LCL) (Ross et al., 2013), which is
consistent with our result. However, the
information regarding the interactions of
BART19-3p, BART15, BART21-3p, and
BART?20 in cancer is currently unavailable.

With reference to the Biological Processes
(BP) from the Gene Ontology (GO) term, two of
the DEmRNAs targeted by the BART miRNAs,
which are EYA1 and EYA4, are associated with
DNA repair, chromatin organization, histone
dephosphorylation,  apoptosis,  anatomical
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structure morphogenesis and development and
sensory perception of sound. These DEmRNAs
are also metalloproteins based on the Molecular
Function (MF) of the GO term as metal ion
binding (MIB). Our cross-regulatory network
data revealed that EYA1 is down-regulated by
ebv-miR-BART21-3p and ebv-miR-BART2-5p,
while EYA4 is down-regulated by ebv-miR-
BART19-3p and ebv-miR-BART15. Despite
this finding, there is no information on these
interactions in NPC to our knowledge.

The EYA gene family encodes proteins
tyrosine phosphatase that respond to DNA
damage when bound by Mg?* ion, based on the
Molecular Function (MF) of the GO term as
metal ion binding (MIB) (Tadjuidje et al., 2012;
Sadatomi et al., 2013; Lung et al., 2018). This
protein works in combination with the protein
tyrosine kinases, and their structural/functional
aberrancies usually lead to no chromatin
organization and histone dephosphorylation,
consequently inhibiting DNA repair and
eventually diseases, including cancers (Tadjuidje
et al., 2012; Sadatomi et al., 2013; Kong et al.,
2019). In fact, EYA4 is known to be involved in
the promotion of DNA repair and inhibition of
apoptosis in  oesophagal squamous cell
carcinoma (Xu & Fisher, 2012), while EYAL1 is
down-regulated in gastric cancer tissues and
correlated with tumour size and metastasis
(Nikpour et al., 2014). We suspected that, in
NPC tumorigenesis, EBV utilizes its BART21-
3p, BART2-5p, BART19-3p, and BARTI5
miRNAs to hijack these biological processes by
down-regulating EYA1 and EYAA4.

Similarly, we suspected that EBV utilizes
these BART miRNAs to inhibit apoptosis.
Typically, when histone dephosphorylation is
defective during DNA damage, JNK (c-Jun N-
terminal protein kinase) is recruited for extrinsic
apoptosis pathway activation (Dhanasekaran &
Reddy, 2008; Nowsheen et al., 2018). The
suggestion of EBV using BART21-3p, BART2-
5p, BART19-3p and BART15 miRNAs in down-
regulating the major histocompatibility complex
class 1 chain-related peptide A (MICA) and
peptide B (MICB) ligands, expressed upon viral
infection and DNA damage by targeting EYA1
and EYA4 (Zingoni et al., 2018; Png et al., 2021),
is plausible. The absence of these ligands
facilitates EBV to escape natural killer (NK)
cell-mediated immune surveillance by inhibiting
JNK signalling pathway activation and avoiding
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apoptosis (Wong et al., 2018).

Without apoptosis, infected cells proliferate
uncontrollably, leading to anatomical structure
morphogenesis and development, including
angiogenesis and vasculogenic mimicry (VM),
commonly observed in cancerous cells,
including NPC (Luo et al, 2021; Tian et al,
2021). The proliferation and growth of the
tumour tissues and cells require more oxygen
and nutrients in the tumour microenvironment,
thus the formation of angiogenesis and VM to
sustain the tumour growth (Zuazo-Gaztelu &
Casanovas, 2018; Xiang et al., 2018; Fernandez-
Cortés et al., 2019; Teleanu ef al., 2019). As the
size of tumour cells increases, it covers and
impairs the adjacent Eustachian tube, causing
middle ear effusion or Otitis media with effusion
(OME), tinnitus, and consequently, hearing loss
(Utama et al., 2022). Interestingly, OME,
tinnitus, and hearing loss are the symptoms of
NPC (Ho et al., 2008; Tsunoda et al., 2021),
where a history of OME is prevalent among NPC
patients (Huang et al., 2012).

The buildup of fluid in the middle ear, known
as middle ear effusion or OME, puts pressure on
the tympanic membrane and impedes its proper
vibration, leading to hearing loss (Searight et al.,
2022). A decrease in the cilia density of the
mucociliary epithelium and the increase in
goblet cells lining the Eustachian tube obstructs
the ear secretion drainage from the middle ear
into the nasopharynx (Matsune et al., 1992;
Depreux et al., 2008; Casale et al., 2023). From
this, tinnitus occurs subsequently, combined
with an increase in the size of tumour cells
covering the FEustachian tube, stems from
negative pressure in the middle ear due to no
pressure equalization in the middle ear with
atmospheric pressure (Bal & Deshmukh, 2022;
Mayo Clinic, 2022; Casale et al., 2023). Middle
ear ventilation is essential for proper eardrum
vibration and sound transmission (Casale et al.,
2023). Our findings have provided molecular
insights into the causes of hearing impairment
among NPC patients, mediated by non-coding
EBV RNAs (BART miRNAs) and EYA genes.
The verification and detailed mechanisms for
this must be further investigated via relevant
functional studies.

We have observed BART11-5p targeting the
transcription factor (TF) EBF1 in the cross-
regulatory network. EBF1 is a transcription

Epstein-Barr virus regulation on ceRNA network 44

factor that works with E2A and PAXS in B cell
development (Poh et al., 2016). However, our
results did not reveal EBF1 interacting with the
DEmRNAS in the ceRNA network; thus, no TF-
mRNA network was constructed. We attribute
this to the limited NPC microarray dataset
available in the time frame chosen for our study.
Based on the literature, EBF1 requires metal ion
binding (MIB) for structural conformational,
regulatory, and enzymatic activity, specifically
divalent zinc ion (Zn*") (Hagman et al., 2011;
Vilagos et al., 2012). This is also shown by the
Molecular Function (MF) of the GO term. It has
been shown that the targeting of EBF1 by
BART11-5p causes abnormal germinal centre
reactions in the lymphoid tissues, thereby
inhibiting  mature  B-cells  development
(Permyakov, 2021). We suspect that when
BART11-5p targets EBF1, it inhibits MIB-EBF1
interaction, leading to the deterioration of B-cell
production. This hypothesis is yet to be
experimentally tested. More importantly, this
could be one of the mechanisms EBV uses for
immune evasion in the context of EBV-related
carcinogenesis, including NPC — a research
prospect that warrants exploration.

The final DEmRNA targeted by BART
miRNA in our data is MACROD?2, which is
targeted by ebv-miR-BART20-3p. MACROD2
plays a crucial role in reversible ADP-
ribosylation, acting as a hydrolase (Zaja et al.,
2020), and is associated with critical cellular
pathways of DNA repair and apoptosis in
eukaryotes (Golia et al, 2017). It acts as a
negative feedback loop and restricts the
recruitment repair factors and effector proteins to
the DNA break site when phosphorylates by
ATM and exported out of the nucleus (Golia et
al., 2017). Following DNA repair, MACROD?2
facilitates the removal of terminal autoinhibitory
mono-ADP-ribose  from the transferase
Poly(ADP-ribose) polymerases 1 (PARP1), a
process known as dePARylation or histone
dephosphorylation to prevent entrapment of
proteins involved in DNA repair at the damage
site and causing hypersensitivity to DNA
damage (Sakthianandeswaren et al, 2018;
Kassab et al., 2020). Its dysregulation is
associated with various cancers (Linnebacher et
al.,, 2013; Mohseni et al., 2014; Briffa et al.,
2015; van den Broek et al., 2015; Hu et al., 2016;
Cohen & Chang, 2018). In fact, its down-
regulation in colorectal cancer has been linked to
the increase in PARP1 mono-ADP-ribosylation
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that reduces its transferase activity, leading to
DNA repair impairment while heightening
sensitivity to DNA damage (Hu et al, 2016).
Prior to our findings, the link between non-
coding EBV RNAs (BART miRNA per se) and
MACROD?2 with respect to NPC oncogenesis
has never been implied. As such, the ebv-miR-
BART20-3p/MACROD?2 regulatory network is
an important and potent mechanism for deeper
investigation.

In our current study, we have elucidated the
interaction of three IncRNAs (CASC2,
TPTE2P1, and ARHGEF26-AS1) with six
miRNAs (hsa-miR-1246, hsa-miR-93-5p, hsa-
miR-16-5p, hsa-miR-135b-5p, hsa-miR-211-5p,
and hsa-miR-1305). Our data also showed that
the three IncRNAs were down-regulated, thus
implying their roles as tumour suppressors.
Indeed, it is not uncommon for IncRNAs to act
as tumour suppressors (Sakthianandeswaren et
al., 2018). However, only CASC2 and
ARHGEF26-AS1 were hinted by previous
studies could act as tumor suppressors.
Specifically, in the context of nasopharyngeal
carcinoma (NPC), only CASC2 was observed to
be down-regulated in NPC tissue samples and
cell lines, where it promotes cell proliferation
and inhibits apoptosis by down-regulating
RBBPS8 through up-regulation of miR-18a-5p
(Miao et al., 2019). Nevertheless, studies on the
down-regulation of CASC2 in EBV-positive
NPC remain limited.

Our findings on the down-regulation of
CASC2 and ARHGEF26-AS1 in NPC are
consistent with previous studies in cancers, such
as lung adenocarcinoma (LUAD) and
esophageal carcinoma (Chen et al., 2021; Yao et
al., 2021), but not for TPTE2P1. Based on
previous studies, TPTE2P1 is typically up-
regulated in other cancers, including colorectal,
gallbladder, and hepatocellular carcinomas (Liu
et al., 2019), suggesting its potential dual role as
both a tumour suppressor and an oncogene.
Nevertheless, there are limited studies conducted
on TPTE2P1 and ARHGEF26-AS1 expression
in NPC, particularly in EBV-positive NPC.
Moreover, we are the first ones to demonstrate
the interaction of ARHGEF26-AS1 and CASC2
with six of the miRNAs, as well as the
interaction of TPTE2P1 with four of the
miRNAs in NPC. Notably, the interaction of
these IncRNAs with the miRNAs is also limited
in other cancer contexts. One limitation of our
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study is its reliance on curated microarray
datasets rather than RNA sequencing datasets.
Consequently, the limited dataset, especially for
the miRNA dataset, is not amenable for deriving
pathway(s) affected by EBV miRNAs.

In addition, the exclusion of constructing an
EBV-negative ceRNA counterpart to compare to
the result may introduce the potential for false
positives. However, it is noteworthy that the
mRNA and IncRNA microarray datasets curated
for this study comprise samples from NPC
patients residing in endemic regions, including
China and Hong Kong, which are highly
associated with EBV-positive NPC. This context
increases the credibility of our results, reducing
the likelihood of false positives. Although this
rationale may not apply to the miRNA dataset,
the presence of some significantly up-regulated
EBV BART miRNAs, with p-value < 0.05,
insinuating that all the NPC patients within this
dataset might be EBV-positive NPC.

Moreover, the mRNA and IncRNA targeted
by miRNAs, as well as the EBV miRNAs
targeting the mRNAs, are curated from up-to-
date databases that amalgamate experimental
evidence with computational prediction. For
example, the miRTarBase uses high-throughput
techniques, including cross-linking and
immunoprecipitation and  high-throughput
sequencing (CLIP-seq), cross-linking, ligation,
and sequencing of hybrids (CLASH-seq) and
DEmRNA radome-seq which are validated by
using the miRNA-target gene expression profiles
sourced from prominent repositories such as
GEO and The Cancer Genome Atlas (TCGA)
databases, for identification of miRNA-target
mRNA (Moore et al., 2015; Miao et al., 2019).

Likewise, the DIANA-LncBase V3 and
StarBase V2 also curate interactions between
miRNA and target IncRNA that are validated by
using CLIP-seq, including HITS-CLIP (high-
throughput sequencing of RNA isolated by
crosslinking immunoprecipitation), PAR-CLIP
(photoactivatable-ribonucleoside-enhanced
crosslinking and immunoprecipitation) and
CLEAR-CLIP  (covalent  ligation  and
endogenous Argonaute-bound RNA) which
enable the identification of Argonaute
(AGO):miRNA binding sites on targeted RNAs
(Huang et al, 2020). Next, the EBV BART
interactions with target mRNAs curated from
VirBase undergo experimental validation using
CLIP-seq, quantitative real-time PCR, Western
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Blot and immunohistochemistry analysis
techniques. A high confidence score was set to
curate EBV miRNAs-mRNAs interactions as
this is commensurate to more evidence resources
supporting these interactions. Nevertheless, the
results of this study need to be validated
experimentally in the future.

A comprehensive study in the future would
necessitate the incorporation of RNA-sequence
datasets as microarray datasets have become less
favored in recent years, contributing to the
limited datasets in our study. The preference for
RNA-sequencing stems from its ability to
provide extensive quantification through whole
transcriptome  sequencing, enabling the
detection of more differentially expressed genes
with higher fold changes, thereby enhancing
result accuracy. Regardless, data processing and
analysis are standardized and well-established
for microarray datasets compared to RNA-
sequence datasets (Rao et al., 2019). From this
arises the complexity of data processing and
analysis due to the multitude of tool options
available, which may overwhelm beginners and
potentially lead to false positives compared to
microarray datasets (Corchete et al., 2020).
Besides, different expression analysis methods
in RNA-seq may result in wunder- or
overestimated read counts, introducing
variability in the data interpretation process
(Christelle & Watson, 2015). Furthermore, the
physiological veracity of our findings will
require molecular experimentations that include
quantitative real-time PCR, Western Blot, and
immunohistochemistry analyses. These
experiments will enable the verification of EBV
miRNA mechanisms in NPC pathogenesis
through expression level and the roles of the
predicted DEmRNAs targeted by the EBV
miRNAs.

CONCLUSION

Our constructed cross-regulatory network has
uncovered novel insights into the interplay
between EBV miRNAs and IncRNAs
presumptively associated with NPC
pathogenesis. The cross-regulatory network
illuminates the intricate interactions and the
muti-level regulation between EBV BART
miRNAs, mRNA, IncRNA, and miRNAs further
upon EBV infection. We identified that BART
miRNAs shift the ceRNA activity by indirectly
regulating IncRNAs in EBV-associated NPC.
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Furthermore, from the cross-regulatory network,
the biological, cellular, and molecular processes
caused by the dysregulation of the four
DEmRNAs, namely EYA1, EYA4, MACROD2,
and EBF1, targeted by the BART miRNAs, were
also inferred. These four DEmRNAs involve
those responsible for DNA repair regulation and
apoptosis induced by DNA damage. Additionally,
we provided hypothetical scenarios wherein
IncRNAs were indirectly targeted by BART
miRNAs and implied both factors as potential
prognostic biomarkers and therapeutic targets of
NPC to mitigate the adverse effects of current
treatments. Lastly, our analysis hints at a
potential tumor suppressor-like role of BART
miRNAs and IncRNAs linked to specific
DEmRNAS, albeit in a preliminary capacity, as
inferred from the cross-regulatory network.
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ABSTRACT

A sweetener from Nypa fruticans Wurmb offers significant health benefits. The traditional process of sap tapping
requires careful attention to enhance cleanliness. In this research, a nypa sap harvesting device has been developed,
and a time study for its installation has been conducted. The physicochemical properties of the sap gathered from
the device were evaluated and compared with the traditional method in terms of total soluble solids(TSS) reading,
pH level, total dissolved solid (TDS) and electrical conductivity (EC) value, and glucose content. Both methods
showed no significant difference, with an average TSS reading of 14 to 15 °brix, pH of 3.57-3.97, glucose content
of 25.9 to 32.4, TDS of 2340-2726 ppm, and EC reading of 4679-5472 ps/cm. Slight differences in
physicochemical properties were observed due to the random selection of trees for the experiment. The use of the
device was found to improve the physical cleanliness of the sap by 97% and chemical purity by 7% to 11%. The
colour of the sap collected with the device was milky white compared to the traditional bamboo method, resulting
in a yellowish-white sap. The time study showed a 40% improvement compared to the first trial, indicating the
practicality of the device, which can be easily installed by the operator. The physicochemical properties of the sap
collected using the device can be further improved with the addition of preservatives. The findings are expected
to enhance sap harvesting hygiene and the quality of sap, directly affecting the quality and benefits of the derived
products.
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INTRODUCTION

Sugar is a primary ingredient in most food and
beverages. However, diets high in sugar can
contribute to chronic, long-term health
conditions that can lead to diabetes and obesity.
As consumer awareness about health increases,
there is a growing demand for healthier and
organic sweeteners as an alternative to
commercial table sugar (Reed & McDaniel,
2006. In particular, the European market is
willing to pay a premium price for such
sweeteners. However, entry into the European
market is not easy, as all products must meet the
food production standards imposed by the
European Commission (Somorin et al., 2021).

Nypa fruticans Wurmb is a type of palm tree
that can be found abundantly in muddy soils
along rivers. It forms extensive stands in

brackish to tidal freshwater, demonstrating wide
ecological tolerance. In terms of chemical
composition, nypa sugar contains less reducing
sugar than table sugar (Radam et al., 2014). The
presence of sugar in nypa sap can have an
adverse effect due to the hydrolysis of sucrose
into glucose and alkaline invertase enzymes that
consequently ferment and deteriorate the sap and
its derived products (Tamunaidu & Saka, 2012;
Sainz-Polo et al., 2013). Nypa sugar, made from
nypa sap, is the main source of income for
communities in Kampung Tambirat Kota
Samarahan, Sarawak, Malaysia. In Sarawak, the
community still produces the sweetener using a
traditional method by which the sap is extracted
through a tapping process by chopping off the
thin palm inflorescence. A traditional bamboo
container, as shown in Figure 1, is used to store
the nypa sap during the overnight collection
process. However, this method is deemed
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unclean as the collected sap is exposed to foreign
particles such as insects, rodents, dust, pollen,
rainwater and other debris that can contaminate
the sap (Madigal, 2020).

Nt | - 1
B e 3 '4

Figure 1. Nypé sap collection vessel using a
traditional bamboo container

In order to meet the premium market
requirements, such as those in Europe,
traditional sugar producers in Sarawak would
need to improve the cleanliness standards of the
nypa palm production process. The sap
harvesting process is particularly critical in
production. Therefore, a device has been
developed to enhance the cleanliness level while
maintaining the sap quality.
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Experiments and a series of analyses have
been conducted to validate the performance of
the developed nypa sap collecting device. Due to
the nature of nypa sap, which hydrolyses
immediately after collection, on-site total sugar
determination is essential. On-site sugar analysis
by brix and inverted sugar measurement using a
portable refractometer and glucometer was
established in this study as a quick and simple
analytical on-site method based on the settings
by Tamunaidu & Saka (2012).

MATERIALS AND METHODS:

The development of the collecting device
involved basic studies of nypa plant anatomy and
physiology. The study focused on nypa trees
located at Kampung Tambirat, Sarawak,
Malaysia  (Coordinate: 1.551554 DD,
110.509297 DD). Accuracy was crucial to ensure
the device fit perfectly, preventing any foreign
substances from contaminating the sap. The
dimensions of the nypa stalk diameter were
measured at three positions — the tip, middle and
end of the stalk (within its sap-producing
capacity) using a Vernier caliper, as illustrated in
Figure 2.

«———— Middle

End

Figure 2. Diameter measurement of the tip (a), middle (b), and end (c) parts of the nypa palm stalk, along with a

schematic diagram of the measurement process (d)
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On-site experiments were conducted to verify
the functionality of the developed nypa sap
collecting device. The experiments were carried
out at Kampung Tambirat in Kota Samarahan,
Sarawak, Malaysia, on three different dates: 15™
April 2022 (Time: 1700 hrs, Atmospheric
Condition: Cloudy, Temperature: 30 °C,
Humidity: 85%, Wind Speed (mph): 5.6NW),
18™ May 2022 (Time: 1700 hrs, Atmospheric
Condition: Cloudy, Temperature: 30 °C,
Humidity: 77%, Wind Speed (mph): 5.8E), and
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24" May 2022 (Time: 1700 hrs, Atmospheric
Condition: Clear, Temperature: 32 °C, Humidity:
81%, Wind Speed (mph): 5.8NW). Ten nypa
trees were randomly chosen on each date,
resulting in a total of 30 sets of data in total (3
days x 10 trees), along with three control data
sets (3 trees). The assembly drawing of the nypa
sap collecting device is shown in Figure 3, and
details of the components, materials and
functions are summarised in Table 1.

Table 1. Components of nypa sap collecting device, materials and functions

No Part Material Function

1  Netting-cap PVC

¢ To prevent insects/rodents from entering the assembly
e To equalize inside assembly temperature with ambient

e Main body:

encloses the assembly to protect it from

insects/pesticides.

2 Chamber PET o Upper part; holds the net.
¢ Hole; provides access for the gripper to the chamber.
e End part; supports and secure casing position to the tapped stalk
o To attach the assembly to the nypa stalk

3 Gripper Food g_ra_de o To prevent insects/rodents from entering the assembly via the stalk

FDA Silicone e To accommodate various diameter sizes of nypa stalk

o Has a remarkable degree of elasticity and stretch

4 Plastic Bag HDPE Food grade e To store the dropped sap

. . o To lock the position of the plastic bag (4) to the casing (6)
5 Clip Stainless Steel 304 e To hold the position of the casing (6) to the stalk
6 Casing Bamboo o To hold the plastic bag for nypa sap storage

o To protect the plastic and nypa sap from pests’ attack

Figure 3. Assembly diagram of the nypa sap collecting device
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Compounds such as polyethylene terephthalate
(PET) have provided plastic bottles with several
advantages such as toughness, energy savings
and ease of production (Nistico, 2020). These
advantages significantly contribute to the higher
consumption of single-use plastic. Research by
Ballerini et al., 2022 has found that single-use
plastic bottles are the most abundant pollutant at
riverbanks, posing harm to marine life, water
quality, and indirectly affecting the livelihoods
of fishermen (Saxena et al., 2022). Therefore,
there is a need to educate and encourage the
Apong community in Sarawak about the
recycling and reuse of plastic bottles in Apong
production. Furthermore, the reuse of the plastic
bottle as a nypa sap collection vessel is
convenient, easy to manufacture and cost-
saving. Compared to glass, PET plastic bottles
are lightweight (Benyathiar et al., 2022).
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Recycling plastic bottles provides significant
environmental benefits, including the reduction
of CO;, emissions, mitigation of greenhouse
effects, minimization of carbon footprints, and
substantial savings in cost and pollution (Biron,
2017).

Time Study

A time study was conducted to determine the
installation duration of the nypa sap collection
device in a real-world environment. The
identified traditional nypa sap tapper was
provided with brief training prior to the
experiment. The time study consisted of three
primary processes, as summarised in Table 2,
and the installation process and setup of the nypa
sap collecting device are depicted in Figure 4.

Table 2. Installation process and description of the nypa sap collecting device

Process

Description

1. Beat the inflorescence stalk.
2. Scrape off the nypa stalk tip.

3. Attach the gripper to the stalk (Item No. 3 in Table 1) follow by the chamber (Item No.

2 in Table 1).

o oA~

and tie it up.

Place the plastic on the bamboo and secure the assembly with clips or string.
Insert the bamboo from Step 4 into the chamber (Item No. 2 from Table 1).
Sap collection (the following day): Remove the plastic from the bamboo (in Step 4)

Figure 4. Installation process and setup of nypa sap collecting device

A stopwatch was used to measure the time
taken for each process, and the results were
recorded. Steps 1 through 5 were executed

consecutively, one after the other. Subsequently,
the assembly was left overnight to allow for the
accumulation of nypa sap droplets. Step 6 was
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performed the following morning for sap
collection. The time taken to remove and tie up
the plastic from the assembly was also recorded,
with all plastic samples appropriately labelled.
Meanwhile, the installation of the traditional
process (control) involved a similar procedure
for nypa sap collection. Following a 16-hour
period, the sap was harvested for analysis.
Collected  Nypa Sap Profile  and
Physicochemical Properties

The collected sap from the time study was
transported to the laboratory at Universiti
Malaysia  Sarawak, which is located
approximately 30 minutes from Kampung
Tambirat. The samples were stored in a cooler
box filled with ice cubes to maintain a
temperature of 20 °C and to slow down the
fermentation process. Subsequently, all samples
were subjected to a series of analyses to check
for impurities, and to determine total soluble
solids (TSS), pH, total dissolved solids (TDS),
electrical conductivity (EC) and glucose content.
The following procedures were followed for the
analyses:

a) Impurities and colour observation

The sap samples were placed in glass bottles and
labelled accordingly. The colour of the sap was
observed and compared with each other using
the naked eye. Drops of sap from each sample
were examined under the LED Lab Trinocular
Compound Microscope Model TI120C to
identify ~ impurities. = The  microscope’s
magnification was set from 4X to 10X and 40X
to obtain clear images. The images were saved
and labelled according to the corresponding sap
samples harvested from chosen nypa trees.
Furthermore, the images were compared with
existing literature to identify any foreign entities
present in the samples.

b) Determination of TSS

The total soluble solids content of the sap was
determined as °brix using a handheld
refractometer. The refractometer measured the
refractive index of the liquid (Sulaiman et al.,
2020).A drop of the collected nypa sap was
placed on the refractometer’s sample zone, and
the TSS reading in °brix was recorded. The brix
scale, widely utilised in the food and beverage
industries, represents the percentage of sucrose
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content in a solution (Toledo, 2014).The
correlation between °brix and sucrose content is
given as follows (Elewa ef al., 2020):

1 °brix =1 g of sucrose/ 100 g of solution  (Eq. 1)
c) Determination of pH level, TDS, and EC

In this experiment, a Hanna HI98130 Combo
pH, TDS and EC meter were utilised to
determine the pH, TDS and EC value,
respectively, of the nypa sap. EC and TDS are
distinct parameters. Typically, TDS
concentration is measured in ppm, while ps
represents the EC (Rusydi, 2018). The
correlation between TDS and EC is determined
by the characteristics and nature of the dissolved
cations and anions in the water. The relationship
between TDS and EC of a solution can be
described as follows (Thirumalini & Joseph,
2009):
TDS=Ax EC (Eq. 2)
where A is a constant that typically ranges
between 0.55 and 0.9 in conductivity
measurements.

The meter was calibrated before use by dipping
the probe into buffer solutions of pH 7.01 and
4.01 for pH calibration. For TDS/EC calibration,
the probe was immersed in a calibration solution
of 12.88 ms/cm. Next, a portion of the collected
nypa sap was placed in a beaker, and the probe
was immersed into the nypa sap sample. The pH,
TDS and EC readings were recorded. After each
measurement, the probe was removed and
thoroughly rinsed with distilled water to prevent
cross-contamination before the next use.

d) Glucose content

Traditional laboratory methods typically require
specialised equipment and trained personnel.
However, the use of a glucometer is relatively
inexpensive, compact and easy to use in the
field. According to a study by Fundador and
Calumba (2020), the glucometer was able to
accurately measure the sugar content in tested
fruits, with an average error of only 3.8%. The
ACCU-CHEK® Instant S blood glucometer was
employed to determine the glucose content of the
nypa sap. The two essential components of the
glucometer are the sensor (test strips) and the
detector (Tonyushkina & Nichols, 2009). A drop
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of sap was placed on the strip dosing area
inserted in the glucometer. A chemical reaction
occurred when glucose was detected, producing
a small electrical current proportionate to the
amount of glucose content (Yanez, 2013). The
value of the glucose content of the sample
appeared on the LCD screen. The glucose
concentration reading in mmol/L was recorded.
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RESULTS AND DISCUSSION

The results of the stalk dimensions are
summarised in Table 3. The results provide
important input for defining the gripper size. The
data were gathered from 33 trees representing a
variety of stalk conditions from different
locations. The minimum stalk diameter recorded

Table 3. Maximum, minimum, average and range of nypa palm stalk diameter

Parameter

Measurement (mm)

Maximum diameter overall
Minimum diameter overall
Range (Maximum — minimum)
Average diameter overall

55.00
21.38
33.62
32.49

was 21.38 mm, while the maximum stalk
diameter was 55 mm. The variety of stalk sizes,
as well as sap production, as also influenced by
the age of the nypa tree, in line with Matsui et al.
(2014).

As depicted in Figure 5, the nypa stalk
exhibits a smaller tip diameter that gradually
increases towards the bottom. This information
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was taken into account during the gripper design
process. Figure 6 illustrates the gripper design,
featuring a narrow top radius tailored to fit the
minimum stalk diameter and a wider bottom
radius to accommodate the maximum stalk size.
The gripper incorporates several slots connected
by a thin layer of material, allowing for easy
tearing to adapt to a wide range of stalk diameter
differences, from the smallest to the largest ones.
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Sample

® Diameter of the stalk that have been cut (d). mm (Tip part)

Diameter of the stalk that have been cut (d). mm (Middle part)

® Diameter of the stalk that have been cut (d). mm (End part)

Figure 5. Tabulation of nypa palm stalk diameter at tip, middle, and end parts
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Figure 6. Gripper design of the nypa sap collecting device

As shown in Figure 5 and Table 3, the
samples were randomly chosen to validate the
versatility of the device, which can be adjusted
to fit different stalk sizes and orientations.

Table 4 presents the volume of nypa sap
collected for experiments conducted on 15
April, 18" May and 24" May 2022. Overall, the
results indicate no significant difference in the
techniques used to collect nypa sap (see Figure
7), except for Sample 10 from the experiment
conducted on 15" April, which recorded no

volume. This was due to an improperly installed
collecting device that did not fit the stalk during
assembly, resulting in sap dripping away from
the designated storage area. Other factors that
can affect nypa sap production include weather
conditions, nypa tree age, stalk thickness and
length, and frond diameter (Tonyushkina &
Nichols, 2009; Madigal, 2020). Larger frond
diameters are often associated with higher sap
yields, and the best sap production is typically
observed in middle-aged palms (Matsui et al.,
2014; Nguyen et al., 2016).

Table 4. Volumes of collected nypa sap.

15" April 2022 18" May 2022 24™ May 2022
Sample Volume (mL) Volume (mL) Volume (mL)
1 745 420 270
2 380 300 400
3 690 430 390
4 250 280 700
5 50 100 600
6 135 690 100
7 54 40 320
8 150 470 30
9 16 650 410
10 0 790 150
11 700 550 450
Time Study Results results of the time study demonstrated a

The experiment aimed to assess the practicality
of the developed device, which was measured by
the time taken by the harvester to install the
collecting device. Table 5 presents the average
time taken to install the device by date. The total
time represents the cumulative time taken for the
entire process from Process 1 to Process 3. The

significant ~ improvement  after  several
repetitions. The total time taken on the third day
was reduced by approximately 40% compared to
the first day, resulting in a time of 49.66 seconds.
This indicates that the developed device is user-
friendly and practical, as the harvester becomes
more accustomed to it over time.
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Table 5. Time study for installation of nypa sap collecting device

Date Process 1 (s) Process 2 (s) Process 3 (s) Total time (s)
15/4/2022 23.78 36.64 21.02 80.44
18/5/2022 18.83 31.78 20.92 71.53
24/5/2022 10.74 22.12 16.8 49.66

Results of Collected Nypa Sap Profile and
Physicochemical Properties

The condition of sap samples collected using the
developed device (Samples 1 to 10) was
compared and discussed with those collected
using the traditional method using bamboo
(Sample 11) to verify the performance of the
developed device in comparison to the
traditional method.

Impurities and Color Observation

The freshness of nypa sap is indicated by its
colour, with milky-white denoting fermented sap
and pale yellow indicating fresh sap (Madigal et
al., 2020). All samples (1-11) underwent the
same tapping process, lasting over 14 hours.
Based on Figure 7, all samples were fermented.

\\
B

Figure 7. Colour of nypa sap 14 hours after tapping process

Figure 8 shows images of impurities that
exist in the collected sap. Samples 1 to 10 were
collected using the developed device, while
Sample 11 was collected using traditional
bamboo (as a control). Only microbes were
detected in Samples 1 to 10, with no other
impurities found. However, debris or solid
particles were found in Sample 11, likely due to
the open-top bamboo being exposed to the
environment. The sweet smell of the fresh sap
attracts pests and rats, and without a cover,
insects, rainwater and other solid particles
(debris) can easily enter the bamboo.

The microbes observed under the microscope
resemble yeast, which is consistent with

Upon observation, nypa sap from Samples 1-10,
collected using the developed device, appeared
milky-white and clean. In contrast, the sap from
Sample 11, collected using bamboo, appeared
yellowish-white. This is due to the bamboo used
to store the sap, which has been repeatedly used,
cleaned, and dried using smoke from firewood
(Gunawan et al., 2020). Bamboo is a natural
fibre material that reacts with the acidic
properties of the sap, causing a yellowish colour.
Moisture absorption is a natural phenomenon
that occurs when using natural fibres due to their
hydrophilic properties (Madigal et al., 2020).
High-density polyethylene (HDPE) plastic, an
organic material, is well-suited for nypa sap
collection due to its high chemical resistance,
including resistance to the acidic properties of
the sap (Liu et al., 2018). Hence, HDPE is
recommended for use in nypa sap collection.

o — N )\ 2

previous studies. Yeast, such as Saccharomyces
cerevisiae, is commonly found in nypa sap
(Limtong et al., 2020). Yeast cells are oval-
shaped, and their reproduction results in clusters
of growing cells (Liu et al., 2018; Gunawan et
al., 2020). Yeast reproduces through budding, an
asexual reproduction method where a daughter
cell is formed by pinching off a part of the parent
cell (Monroy Salazar et al., 2016). These
characteristics are evident in Samples 1 to 10.
Nypa sap contains sugar and other compounds
essential for microbial growth. Moreover, the
high temperatures of the tropical climate in
Sarawak, Malaysia, are conducive to microbial
development (Chongkhong & Puangpee, 2018).
As aresult, yeast can grow rapidly, leading to the
natural sugar fermentation of nypa sap.
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Figure 8. Microscopic observation of impurities in nypa sap samples (40x magnification)

The nypa sap collected using the developed
device showed lower contamination compared to
bamboo. Foreign particles, namely insects,
maggots, and rat droppings, were evident in the
sap collected using the traditional method, as
shown in Figure 9(a). The wide open-top
bamboo can be easily accessed by insects and
rats. A sieve was used to filter the collected nypa
sap. The accumulated foreign particles covered
1.6% of the total sieve area for the traditional

method. Only a small spot (0.05%) was found on
the sieve used to filter sap from the device, as
shown in Figure 9(b). The tiny maggots found in
the developed device were likely due to a small
gap between the gripper and the nypa stalk. This
occurred only in cases where the stalk had an
uneven shape. Therefore, the developed device
can effectively prevent insects and pests from
contaminating the sap, with the exception of
smaller insects measuring 2 mm and below.

Developed device ‘

(@)

Figure 9. Images of impurities collected from (a) the traditional method and (b) the developed device using a

0.08mm strainer.



Ana et al. 2024

Chemical Properties

Chemical properties are summarised in Table 6,
7 and 8 based on the experiment date, while
comparisons between the experiments are shown
in Table 9.

The TSS brix of nypa sap for Experiments 1,
2 and 3 are recorded in Tables 6 to 8, showing a
range of 11-18%. Sample 11 served as a control,
using bamboo for sap harvesting in Experiments
2 and 3. The TSS reading from Experiment 1
showed a lower average brix compared to
Experiments 2 and 3. This is likely due to the
rain that occurred on 5" April 2022, between 6
pm and 6 am in Kampung Tambirat, Sarawak, as
recorded by the World Weather Online website.
The sucrose content of the sap can be affected by
weather conditions, with low TSS brix observed
in sap collected after rainy days due to higher
water content (Matsui et al., 2014). The results
obtained in this research are mostly within the
range reported in other studies from Indonesia,
which ranged from 15-17 ‘brix, but lower than
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that of Thailand, which reported 22.9 ‘brix
(Rachman & Sudarto, 1995; Phetrit et al., 2020).
It is worth noting that Thai practitioners add
kiam (Cotylelobium lanceolatum Craib) as a
preservative in nypa sap to retard the
fermentation process.

Tables 6 to 8 show the pH values for each
sample collected throughout the experiments.
There is no significant difference in pH between
nypa sap collected using bamboo and the
developed device. All samples were acidic, with
pH values ranging between 3.35 and 4.34. These
readings are within the range of 3.18 - 4.20
reported in another study (Semjonovs et al.,
2014). The acidic pH indicates that the nypa sap
has undergone fermentation. This is likely due to
the long harvesting duration, which took
overnight (about 17 to 18 hours) before
undergoing the cooking process. Initially, the pH
of fresh nypa sap is neutral, but gradually the
acidity increases and the pH decreases as
fermentation occurs (Tamunaidu & Saka, 2012).

Table 6. Chemical properties of nypa sap from Experiment 1 (15" April 2022).

Sample brix (%) pH Glucose (mmol/L) TDS (PPM) EC (Us/cm)

1 12 3.44 21.60 2468 4936

2 12 3.44 28.60 2401 4802

3 13 3.89 27.20 2531 5062

4 12 3.44 29.70 2292 4584

5 11 3.35 26.90 2105 4210

6 16 4.34 32.60 2844 5688

7 16 4.07 31.40 2633 5266

8 12 3.44 27.10 2186 4372

9 13 3.80 28.40 2468 4936

10 12 3.44 27.10 2468 4936

11 13 3.70 28.00 2374 4748

Table 7. Chemical properties of nypa sap from Experiment 2 (18" May 2022).
Sample brix (%) pH Glucose (mmol/L) TDS (PPM) EC (Us/cm)

1 13 3.53 31.10 2842 5684
2 15 3.71 H1 2330 4660
3 12 3.53 30.20 2478 4956
4 13 3.44 H1 2472 4944
5 16 3.89 H1 2872 5744
6 14 3.53 32.10 2419 4838
7 15 3.35 H1 2707 5414
8 16 3.71 32.90 2504 5008
9 13 3.44 H1 2201 4402
10 13 3.53 31.60 2671 5342
11 15 3.62 30.10 2726 5472

*H1 indicates that the value is greater than 33.30 mmol/L

(The instrument is unable to read values greater than 33.30 mmol/L)
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Table 8. Chemical properties of nypa sap from Experiment 3 (24" May 2022).

Sample brix (%) pH Glucose (mmol/L) TDS (PPM) EC (Us/cm)
1 16 3.89 H1 1943 3886
2 16 3.89 30.60 2511 5023
3 18 3.80 H1 2511 5023
4 14 3.71 H1 2282 4564
5 13 3.89 26.30 2282 4564
6 15 3.62 H1 2282 4564
7 15 3.98 H1 2651 5302
8 15 3.89 H1 2522 5044
9 13 3.71 H1 2225 4451
10 14 3.98 H1 2186 4372
11 14 3.97 25.9 2606 5213
*H1 indicates that the value is greater than 33.30 mmol/L
(The instrument is unable to read values greater than 33.30 mmol/L)
Table 9. Summary of chemical properties of nypa sap from all three experiments.
Experiment Sample brix (%) pH Glucose TDS (PPM) EC (Us/cm)
(mmol/L)
1
(151 April 2022) 1-10 12 3.32 254 2193 4386
2 1-10 14 3.57 324 2550 5099
(18" May 2022) 11 (control) 15 3.62 30.1 2726 5472
3 1-10 15 3.84 32.3 2340 4679
(24" May 2022) 11 (control) 14 3.97 25.9 2606 5213
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The acidity of sap is a result of microbial
activities that convert sugars into ethanol
(Tamunaidu & Saka, 2012; Yanez, 2013;
Semjonovs et al., 2014).Pichia spp. and
Saccharomyces spp. are among the main bacteria
found in nypa sap responsible for fermentation
(Yamagata et al., 1980). Additionally, other
species of microbes such as Hanseniaspora
guilliermondii, Lachancea  thermotolerans,
Hanseniaspora vineae, Lachancea fermentati,
and Torulaspora delbrueckii have been
identified in nypa sap (Limtong et al., 2020). The
presence of these microbes may be due to the
cleanliness of the harvester and the device used
in the nypa sap harvesting process, as well as the
long collecting time and open device that may be
exposed to contaminants from the outside
(Naknean et al., 2010). While the cleanliness of
the device has been emphasised in this research,
the personal cleanliness of the harvester may
vary, which could explain the variability in pH
readings observed in this research, even within
the same experimental setting.

Fermentation of nypa sap typically begins a
few hours after tapping and becomes more rapid
over time. This justifies the acidic condition
observed in the samples, as the local setting for
sap collection in this research was set at 17 to 18

hours after tapping. A few samples collected
using the developed device showed a higher pH
value (pH = 4.34), indicating that proper
cleanliness procedures are required to get a
reliable quality of sap acidity. Furthermore,
shortening the collecting period before
temperatures get too hot (i.e., before sunrise)
could be beneficial, as the ideal temperature for
active yeast fermentation is reported to be 32 °C
(Chongkhong & Puangpee, 2018).

The conductivity of a liquid is an indicator of
the number of dissolved substances, chemicals,
and minerals present in it. Higher amounts of
these impurities will result in higher
conductivity. During fermentation, the chemical
compounds in nypa sap are broken down,
leading to changes in electrical conductivity.
Active fermentation activity can result in higher
readings of TDS and EC at specific times. TDS
and EC values are proportional, as described in
Equation 2.

Low readings of TDS and EC were observed
in the samples collected on rainy days.
Regardless of weather conditions, on average,
higher TDS and EC values were observed in
samples collected using the traditional method
compared to those collected using the collecting
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device. The use of bamboo, which has been
repeatedly smoked for sterilization, may
contribute to impurities in the sap. The bamboo
is exposed to smoke from the high-temperature
burning of firewood, which can result in the
formation of polycyclic aromatic hydrocarbons
(PAHs). PAHs are a class of chemicals and
carcinogens that naturally occur as a result of
burning coal, oil, gas, wood, garbage and
tobacco. PAHs are often found attached to stable
particles in water, which can settle in sediment
(Nwachukwu et al., 2019). In the case of nypa
sap, the PAHs formed by the smoked bamboo
may also be attracted to stable particles in the
sap, which can settle in sediment. The deposited
PAHs in the sediments can then remobilize into
nypa sap, leading to an increase in conductivity
and total dissolved solids. Therefore, a reduction
of 7% to 11% in TDS and EC significantly
improves sap purity.

Tables 6 to 8 present the glucose content of
the collected nypa sap. Experiment 1 shows the
lowest glucose content of the sap compared to
Experiments 2 and 3. This is attributed to rain in
Kampung Tambirat, Sarawak on 5% May 2022,
between 6 p.m. and 6 a.m. (during Experiment
1) as recorded by the World Weather Online
website. Plant photosynthesis rate is influenced
by sunlight, and low sunlight intensity during
rainy days can result in a decrease in
photosynthesis rate (Lantemona et al, 2013).
This condition becomes a limiting factor for
sugar  production  through  metabolism.
Additionally, the metabolic heat generated by
microbial growth during fermentation is found to
be proportional to oxygen consumption, with an
average of 3.38 kcal per gram of O, (Minkevich
& Eroshin, 1973). Since these mesophilic
microbes grow best between 20 °C and 40 °C,
proper sap storage requires ventilation space to
disperse the heat produced by microbial
respiration activities (Manpreet ef al., 2005; Slaa
& Gnode, 2009). This justifies why Experiment
1 and Sample 11 (control) from Experiments 2
and 3, which used traditional bamboo, showed
lower glucose content compared to sap collected
using the developed device. The traditional
bamboo, which has an open top, provides good
ventilation, thereby lowering the temperature
inside the bamboo compared to the closed
chamber of the device.

Furthermore, natural fermentation begins
with an increase in lactic acid, followed by
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ethanol, and finally acetic acid (Somashekaraiah
et al., 2019). Saccharomyces sp. is one of the
bacteria found in nypa sap that is responsible for
fermentation, as glucose is predominant in nypa
sap, followed by fructose and sucrose (Phetrit et
al., 2020). An increase in glucose content
indicates an increase in fermentation rate. This is
because, under aerobic conditions, the microbes
ferment sucrose, with the yeast enzyme invertase
breaking down the sugar into glucose and
fructose as the first step (Marques et al., 2015).
Fructose and glucose are then metabolised to
carbon dioxide and several organic acids, with
acetic and gluconic acids being formed through
the conversion of glucose via gluconolactone
(Lynch et al., 2019). The measurement principle
of the glucometer is based on enzymatic
reaction, which also measures the oxidation of
glucose to gluconic acid. Therefore, an increase
in glucometer reading also indicates the
oxidation of glucose to gluconic acid or the
conversion of sugar into acetic acid.

CONCLUSION

The chemical properties of nypa sap are
measured by TSS and pH level. Initially, fresh
sap has a neutral pH and high sucrose content.
Gradually, it turns acidic due to the activities of
microorganisms that convert sugars into ethanol
(Nguyen et al., 2016). As sucrose is converted to
simple sugars, such as glucose, the sucrose
content of the sap decreases, which is indicated
by a lower brix reading. However, the glucose
content shows an adverse trend compared to the
other two parameters. As time passes, the
glucometer reading also increases, representing
the oxidation of glucose into gluconic acid. The
presence of gluconic acid imparts a sour taste to
the nypa sap, indicating the Ilevel of
fermentation. The freshness of the sap can be
extended by controlling the fermentation
process, such as by adding preservatives, which
is a common practice in other countries like
Thailand and Indonesia.

In conclusion, the physicochemical
properties of the collected sap show no
significant difference regardless of the collecting
method used. However, the sap collected using
the developed device improves the cleanliness
condition of the sap compared to traditional
bamboo. Physically, the new device has
improved the cleanliness of the collected sap,
with a reduction of about 97% in foreign
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particles found in the sap compared to the
traditional method. Furthermore, the chemical
impurities of the sap are significantly improved
as shown by the reduced TDS and EC readings.
In terms of practicality, the device is easy to use,
as indicated by a 40% reduction in the time taken
to assemble the device compared to the first trial.
The device is also versatile, as it can flexibly
cope with various stalk conditions, such as
vertical and curving orientations. Moreover, the
performance of the developed device is expected
to improve further by optimizing the standard
operating  procedures and incorporating
preservatives in future experiments.
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ABSTRACT

Landfill leachate discharged into watercourse without proper treatment can pollute the water source due to its high
chemical oxygen demand (COD). The high pollutant load in landfill leachate has become one of the potential
substrates in bio-energy generation by using microbial fuel cell (MFC). MFC integrated with adsorption system
has been introduced as an approach to overcome the limitation of stand-alone MFC, which is able to treat the
landfill leachate more effectively while simultaneously generating bio-energy. Anode size has been reported to
have a significant influence on the power generation of MFC via lab-scale experiments, however the simulation
studies on MFC are still limited. This study aimed to develop a simulation model to predict the effect of graphite
fiber brush anode size on the performance of a single chamber air-cathode hybrid MFC-Adsorption system, in
terms of COD removal and bio-energy generation. The highest power density of 1.33 mW/m? was achieved with
20% anode brush removed. The highest current generation of 2.37 mA and voltage of 7.11 mV was obtained with
the largest anode surface area of 0.1288 m? and resistance of 2.76 Q. The highest COD consumption by
electrogenic microorganisms was 4.96 x 10-° Lmol/mg, and predicted to decrease with decreasing anode size. The
efficiency of the simulation model could be further improved by incorporating parameters such as charge transfer
kinetic at anode and cathode, adsorption effect by activated carbon as well as the substrate and microbial
population behaviour. The simulation model developed was significant towards enhancing the bio-energy
generation and reducing the cost of MFC for industrial application.
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INTRODUCTION
single chamber air-cathode is the most suitable

Landfill leachate consists of various components
characterised as high chemical oxygen demand
(COD), biochemical oxygen demand (BOD),
BOD/COD ratio, suspended solids, pH,
turbidity, ammonium-nitrogen (NHs-N) and
heavy metals. Energy production from landfill
leachate has become a recent interest due to the
potential of this highly polluting wastewater as
the source of bio-electricity generation (Tan et
al., 2023). MFC has demonstrated advantages as
compared to other wastewater treatment
processes as MFC can convert substrate energy
to electricity directly, and operate at ambient or
low temperatures, thus producing less amount of
excessive sludge (Sorgato et al., 2023). The
MFC design for practical application as it

produces higher power generation, low cost and
simple design (Samudro et al., 2022; Li et al.,
2023). In terms of voltage generation and
treatment efficiency, hybrid system is generally
more reliable and efficient than a stand-alone
MFC (Tee et al., 2016). Yazdi et al. (2016)
obtained a higher power density of 2400 mW/m?
by using 2.5 cm? graphite fiber brush (GFB) as
an anode electrode material. However, the
optimization of bio-energy through the MFC
design still needs to be further researched for
industrial application. Numerical studies on
MFC can be extensively used to offer deeper
insights into MFC performance (Gadkari et al.,
2019a).
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The performance of MFC depends on the
improvement  through  modifying  system
architecture, materials and better understanding
of the solution chemistry (Liang et al., 2022).
The metabolic pathway of the microorganism
and the potential of anode are the key parameters
for cell potential determination. The anode used
in MFC should be able to reduce the internal
resistance and increase power density when
placed together with the cathode. According to
Sakai et al. (2018), the surface area of anode has
an important role in energy production. Rossi et
al. (2019) reported an 18% reduction in the
power density with a larger anode due to
increasing in the internal resistance. A shorter
anode-brush diameter was found to maintain a
closer spacing of electrodes which reduced the
internal  resistance and improved MFC
performance (Lanas et al., 2014). In a single
chamber MFC, a carbon brush with 27 cm?
produced 48 mW/m?3 whereas an anode with 9
cm? produced 41 mW/m*® (Houghton et al.,
2016). As the number of experimental studies on
MFC has been increasing, it is not the same for
mathematical modelling and simulation studies.
Mathematical models are able to help in
understanding the influence of different
operational, design and biological parameters
affecting the MFC performance, and to optimize
the new reactor configurations as well as aiding
in up-scaling the technology (Ortiz-Martinez et
al., 2015). Improvement in simulation design is
crucial as the innovation of MFC for industrial
application is restricted by the electrode material
cost, requirement of precious metal, low power
density and low performance of the system.
These issues can be overcome at the lab scale,
however the vital part is the performance on a
large scale particularly when managing
wastewater that does not have steady conditions
with time (Logan, 2010). A few mathematical
models have been developed to study the
influence of anode on MFC performance, such
as the model on bioanode (Gadkari et al., 2019b)
and two-dimensional model of air-cathode MFC
with GFB as anode (Gadkari et al., 2019a).
Gadkari et al. (2019a) used Nelder-Mead
Simplex algorithm for prediction of power
generation to estimate the parameters in the
model, which reported little change in power
density around 15% to 60% of brush removed in
which the power density was reduced by 21%.

Table 1 shows the development of MFC
numerical studies. Limited numerical studies
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have focused on air-cathode MFC. Additionally,
optimisation using simulation on hybrid MFC-
Adsorption system has not been reported up to
date, and the study on the effect of anode size in
hybrid MFC-Adsorption system has not been
found. Simulation study is significant towards
the development of MFC for industrial
application as the system is currently in its
infancy stage due to the challenges on reducing
the high cost and improving the power
generation. Anode generally should have the
characteristics of larger surface area, best
chemical and microbial stability, high electrical
conductivity, biocompatibility and inexpensive
in cost (Liang et al., 2022). The power output of
the system is determined by the wellness of
biofilm attached to the anodic surface area. Thus,
the best method to enhance the performance of
the MFC is by increasing the affinity of the
biofilm through anode modification (Banerjee et
al., 2022). Therefore, the main focus of the
present study was to develop a simulation model
using Microsoft Excel 365 Proplus by
correlating the anode size of a single chamber
hybrid MFC-Adsorption system with the bio-
energy generation of the system and COD
consumption rate, by using landfill leachate as
the MFC substrate. In addition, the current and
voltage generated in the hybrid MFC-
Adsorption system with different anode size
were predicted through simulation of the
maximum power densities.

MATERIALS AND METHODS
Simulation Design

The simulation used in this work was adopted
from Gadkari et al. (2019a) which was the two-
dimensional simulation focusing on single
chamber air-cathode MFC. Microsoft Excel 365
Professional Plus was used to develop the
simulation in predicting the bio-energy
generation and COD consumption rate. GFB
anode was represented in the simulation and was
connected using twisted titanium wire and
placed at the central of the closely packed-bed of
granular activated carbon (GAC). The air-
cathode existed as activated carbon fiber felt
(ACFF) and was connected to the circuit by a
copper rod. The electrode was exposed to air on
its outer surface while being in contact with the
earthen pot and hydrogel was applied evenly
between them, following the configuration of the
hybrid MFC-Adsorption system of Tee et al.
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Table 1. Development of MFC numerical studies

Mathematical and

simulation study on Description Range of study Reference
MFC
1-Dimensional Developed model coupling 1. Effecton cathode and anode overpotential as a
mathematical biological, heat and mass function of current density.
model transfer processes occurring 2. Effect of substrate concentration on biofilm Lo
- . Oliveira et al.
in MFC. thickness. (2013)
Numerical tools: Microsoft 3. Effect of temperature on MFC performance.
Excel and MATLAB. 4. Effect on biomass and acetate concentration as
a function of current density.
Modelling based on  Developed model simulation  Batch mode:
Freter equations towards electrochemical 1. Effect of initial substrate on external voltage.
performance in batch and 2. Effect of external resistor on overall energy
continuous mode of MFC efficiency.
operation. Continuous mode: Linetal.
Numerical tools: MATLAB. 1. Effect on power generation as a function of (2018)
influent substrate concentration and dilution
rate.
2. External resistor effect on the overall energy
efficiency.
Dynamic model Developed model based on 1. Effect of initial substrate concentration on
based on bioanode  batch operated single maximum voltage, CE and COD removal rate. ~ Gadkari et al.
kinetic chamber MFC with biotic 2. Effect of external resistance on MFC (2019a)
anode and an air-cathode. performance.
2-Dimensional Developed model with 1. Effect of anode size on power densities.
model charge  transfer  kinetic 2. Effect of anode distance from cathode on G .
L adkari et al.
coupled to the mass balance power densities. (2019b)

for both anode and cathode 3.
electrode.

Effect of initial substrate concentration on
power densities, CE and COD removal rate.

(2016). The reactor was assumed to be operating
in fed-batch mode. Anode GFB is known with
high porosity characteristics. Gadkari et al.
(2019a) successfully simulated the anode GFB
by using a mathematical model to optimize the
GFB anode-based air-cathode MFC in a directed
way, which helped in optimizing the
performance relationship across the scale.
Therefore, a simulation on GFB anode size of
hybrid MFC-Adsorption system was performed
in this study to evaluate its effect on bio-energy
generation.

The simulation incorporated a few
assumptions for the development and simplicity.
The parameters such as pH and temperature were
neglected, carbon dioxide (CO) released during
substrate oxidation in the anode stayed dissolved
in the bulk solution, leachate and CO, remained
in the anode chamber and did not diffuse to
cathode assembly, similar with the oxygen from
air-cathode which did not diffuse in the anode
chamber. The substrate used was landfill
leachate which functioned as the only electron
donor in the anolyte. The effective porosity of
the brush anode was remained when the
concentration of bacteria/substrate changed. The
last assumption was the reverse reaction of

substrate oxidation at anode and oxygen
reduction at cathode were negligible. The
parameters of landfill leachate were obtained
from Shanmugham (2019) while power
generation values were obtained from Tee et al.
(2016). The MFC working volume was 5.65 L
whereas the GFB anode was designed as 100
mm in diameter and 360 mm long. The anode
was maintained at 4 cm from the cathode. Other
parameters were estimated by using the best fit
correlation equation obtained using the
Microsoft Excel 365 Professional Plus.

Calculation of Anode Surface Area

The area of GFB anode was calculated using
Equation 1 [Eq. (1)] to estimate the power
generation. The anode size was reduced by
removing the sections of the brush incrementally
from the side farthest from the cathode (Gadkari
et al., 2019a). The same was used in this
simulation study by maintaining the distance
between the anode and cathode at 4 cm. The area
of anode after the removal was calculated using
Equation 2 [Eq. (2)]

A =2nrh + 2ar?
Ai = AO + Ao(l%)

Eqg.(1)
Eq.(2)
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where A (m?) indicated surface area while h (m)
was length of brush and r (m) was radius of
brush. Ai (m?) was area of anode after removal,
Ao (m?) was initial area of brush, i indicated
percent of removal.

Simulation Study of Hybrid MFC-Adsorption
System

The first simulation was performed by
comparing the trend with Gadkari et al. (2019a).
The power density was predicted against the
brush removal by using the maximum power
density from Tee et al. (2016) as the reference.
The power was calculated using Equation 3
(Eq.(3)) whereas the current generated for each
anode size was calculated using Equation 4
(Eq.(4)). The voltage generated was calculated
using Equation 5 (Eq.(5)). The second
simulation was performed on the current
generation against time by referring to the data
of Penteado et al. (2018) where the maximum
current value was calculated from the first
correlation developed on power density. This
study focused on the ratio of anode surface area
to the volume of anode compartment (ESAVR)
towards the performance of current generated
(Penteado et al., 2018). The predicted values
were used to calculate the voltage generated
against time by using Equation 5.

P =P,A Eq.(3)
e

R Eq.(4)

V=1IR Eq.(5)

where P (W) was power, Pq (W/m?) was power
density, A (m?) was area of anode and | (A) was

Table 2. Parameters of simulation studies
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current. For voltage (V) calculation, the constant
resistance, R of 30 Q was multiplied with the
current.

Prediction of COD Consumption Rate

The COD consumed in relation to the anode size
was predicted by referring to Penteado et al.
(2018). The COD consumption rate was
predicted to decrease by 1000 mg/Lday with
decreasing anode size. With the prediction of
COD consumed in the hybrid MFC-Adsorption
system, the fraction of COD or COD
consumption by electrogenic microorganism
(Lmol/mg) was then calculated using Equation 6
(Eqg. (6)) (Penteado et al., 2018). For the largest
anode surface area, the COD of landfill leachate
was 729 mg/L (Shanmugham, 2019) and the
consumption rate was 6.12 L/h (Tee et al., 2016),
thus the COD consumption rate was 107,075.52
mg/Lday.

jA

ratioelectrogenic = —rggD Eq.(6)

where rCOD (mg/Lday) indicated the rate of
COD consumed in the anode chamber, F (96,485
As/mol) was Faraday’s constant, j (A/m?) was
current density and A (m?) was anode surface
area.

Parameters of Simulation Study

The parameters shown in Table 2 were used to
simulate the effect of anode size on the bio-
energy generation and COD consumption rate of
the hybrid MFC-Adsorption system.

Parameter Value Unit Reference

GFB initial diameter 100 mm Tee et al. (2016)
GFB initial length 360 mm Tee et al. (2016)
Maximum power density 1.21 mW/m? Tee et al. (2016)
Maximum current 2.37 mA Tee et al. (2016)
Maximum voltage 0.66 mV Estimated
Resistance 30 Q Estimated

COD 729 mg/L Shanmugham (2019)
Volume of anode compartment 5.65 L Tee et al. (2016)
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RESULTS AND DISCUSSION

Effect of Anode Size on Bio-Energy
Generation

In the first simulation, the bio-energy generation
in terms of power, voltage and current in relation
to the change of anode size was studied. The
maximum power density (Figure 1(a)) showed
insignificant change of about 1+0.3% to 40% of
brush removed and predicted to show a greater
decrease of 2% when compared to the results of
Gadkari et al. (2019a) as shown in Figure 2. This
was possibly due to the same type of anode used
that had been heat-treated. The power density
was the highest with 20% brush removed as the
over-potential in the brush increased (Gadkari et
al., 2019a). Additionally, the local current
density and reaction rate was higher as the
distance of brush end from cathode decreased. It
could be observed in Figure 2 that the local

—~
QD
R=2

14E-03
12E-03 1
1.0E-03 q
$.0E-04
6.0E-04
4.0E-04
2.0E-04
0.0E+00

Power density (W/m?)

0 20 40 60 80
Anode graphite fiber brush removed (%)

Power (W)
=
tm
®

20 40 60 80
Anode graphite fiber brush removed (%)

=

current density and reaction rate in the brush
anode decreased with decreasing anode size. The
increase in 20% to 40% reduction of anode size
indicated that the average local current density
and reaction rate had reached its maximum
capacity. The maximum average local current
density and reaction rate showed a major drop in
the case of 60% of brush removed, hence this
caused the reduction in power density after a
nearly constant power density was achieved
between 20% to 40% of brush removed. Higher
power density could be achieved by using a more
conductive electrolyte as power density could be
affected by the substrate concentration (Logan et
al., 2015) which influenced the speed of bacteria
in removing the oxygen and reducing oxygen
mass transfer into the anode (Hays et al., 2011).
Di Lorenzo et al. (2010) also suggested to
include the mass transfer effect of a substrate in
anode electrode for a better understanding of
MFC behaviour.

(©)
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Figure 1. Simulation of (a) power density, (b) power, (c) current and (d) voltage generation in hybrid microbial
fuel cell-Adsorption system against percentage of anode graphite fiber brush removed
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Power Generation in
Adsorption System

Hybrid MFC-

The power generated was found to decrease with
decreasing anode size (Figure 1(b)). By
comparing the gradient of the graph, an
assumption could be drawn where huge changes
in power generation occurred with 20% and 60%
of brush removed. According to Rossi et al.
(2019), lower power output was obtained with
smaller anode primarily due to the decrease in
cathode potential. The cathode performance
could decrease because of cathode fouling (Yang
etal., 2017). This was supported by Houghton et
al. (2016) where increasing anode area did not
improve the system performance since cathode
had been the limiting factor for the power
production. Houghton et al. (2016) also reported
that anode electrode contributed to lower ohmic
losses as compared to cathode electrode.

Current Generation in Hybrid MFC-
Adsorption System

Figure 1(c) shows that the current generation
decreased with the decreasing anode size with a
fluctuation between no brush removal and 5% of
brush removed. This simulation used 30 Q
resistance, which was different from the
resistance value (27.6 Q) used by Tee et al.
(2016), which affected the current generation.
Gadkari et al. (2019b) proved that the increase in
the applied external resistance caused a decrease
in the current density, coulombic efficiency and
COD removal rate of the MFC. Kumar et al.
(2018) explained that sufficient electrode
spacing and surface of anode were obligated for
bacterial growth as well as for electron
transformation from anode to cathode. Lower
current and power density were obtained with
higher total internal impedance where diffusion
resistance had been the contributor (Lanas et al.,
2014). Wider spacing between the cathode and
edge of anode brush also caused an increase in
the total internal impedance (Cheng et al., 2006).
In this simulation study, the electrode spacing
could be reduced to less than 4 cm to generate a
higher current. Close electrode spacing in the
hybrid MFC-Adsorption system was significant
due to the lower conductivity of substrate which
resulted in higher ohmic losses. The anode acts
as a surface for bacteria to associate to generate
electron and proton during respiration (Kumar et
al., 2018). Additionally, the current generation
was highly dependent on the concentration of

bacteria attached onto the surface of anode. This
suggested that lower surface area for bacterial
attachment would reduce the anoxic condition
for the exoelectrogenic activity (Penteado et al.,
2018). Less bacteria attached would reduce the
electron transfer to the anode surface. The
reduction of anode size caused a reduction of the
surface area of brush anode from 0.1288 cm? to
0.1224 cm?, thus resulted in the descending
current generated. Generally, specific current
generation also depended on current density that
was dependent on the over-potential which was
a function of electrode potential, electrolyte
potential and equilibrium potential of the charge
transfer reaction at the particular electrode
(Gadkari et al., 2019a).

Voltage Generation in
Adsorption System

Figure 1(d) shows that the voltage generation
demonstrated similar trend as the current
generation, which decreased with the decreasing
anode size. The simulation results showed that
the highest anode area of 0.1288 m? produced the
highest voltage of 0.71 mV. Wang et al. (2013)
reported 97.9 mV was generated with higher
anode graphite plate size of 81.1 cm? while
smaller anode with 74.5 c¢m? surface area
generated 71.5 mV. The higher voltage also
indicated the higher amount of the attached
biomass (Lin et al., 2018). The low voltage
generation could be mainly due to the mediator-
less MFC system which had caused most
microorganism species to be inactive in
transferring electron to the anode (Tee et al.,
2016). The ease of electron transfer process in
the bio-electrochemical system enhanced the
voltage production. Mediator would act as the
electron shuttler which enhanced the electron
efficiency. However, a few studies have reported
the unnecessary use of mediator which made the
mediator-less MFC to be more commercially
feasible since the electron generated was
transferred to the anode surface by a few
mechanisms such as through conductive
appendages, direct contact, provided chemical
mediators or self-produce mediators (Das &
Mangwani, 2010; Kumar et al., 2016).
Modification of anode was found to be able to
increase the biofilm attached on its surface area
to produce higher power output (Santoro et al.,
2013). The comparison of the performance of the
hybrid MFC-Adsorption system developed in
this study with other MFC systems are
summarized in Table 3. The power density

Hybrid MFC-
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obtained was lower than previous studies due to
smaller size of anode was used. Higher power
density of hybrid MFC-Adsorption system with
anode area of 0.1030 m? could be achieved by
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using a more conductive electrolyte as the
substrate considering the low microbial kinetic
of the landfill leachate.

Table 3. Comparison of performance of various microbial fuel cell (MFC) systems

Type of MFC  Anode type Anode size Findings ) Reference
Current Power density
Dual Graphite 74.5 cm? 186.2 pA NA Wang et al.
chamber plate 81.1 cm? 2713 A (2013)
12.5 cm? 0.03 mA 0.01 W/m?® )
Single Graphite 90 cm? 0.067 mA 0.043 W/m?® Di Ig:);?nzo
chamber pellets 499 cm? 0.0171 mA 0.247 W/m3 (2010)
1247 cm? 0.47 mA 8.1 W/m?
2 3
Single Carbon 1980m 2 NA 4: 85 i+ t.?ég/v v/vn? 3 Hoetigar}ton
chamber brush cm e m :
27 cm? 48 + 1.3 W/m? (2016)
Single Carb 2.5 cm in diameter 0.32 mA/cm? 1270 mW/m? . |
chamber air- fibearrb?l;]sh 1.2 cm in diameter 0.29 mA/cm? 910 mW/m? a?;&e;)a '
cathode 0.8 cm in diameter 0.23 mA/cm? 600 mW/m?2
Single 0.1288 m? 2.37 mA 1.2 mW/m?
. 0.1030 m? 2.13mA 1.32 mW/m? .
Chiggg;g"’ GFB 0.0772 m? 1.78 mA 1.23 mW/m? This study
0.0515 m? 1.12 mA 0.736 mW/m?

*NA-not applicable
Optimisation of Bio-Energy Generation

The optimised current generation took shorter
time to increase and achieved a stable state with
higher ESAVR (Figure 3). The rapid increasing
state indicated the start-up with prediction of a
day extended to the function of decreasing
ESAVR. The largest anode size was estimated to
have ten days of start-up. The study simulated in
terms of best fit graph on the first current
generation against time which was for the largest
surface area of anode by referring to Tee et al.
(2016). The next current generation was
estimated by taking the difference of the
maximum current generation between the anode
size. This resulted in the continuous plot of
current generation against time. The low initial
concentration of bacteria attached on the anode
surface justified that more time was needed for
the system to generate electricity (Wang et al.,
2015). According to Angelaalincy et al. (2018),
large surface area and robust structure played an
important role for supporting the biofilm in
MFC. Moreover, the presence of active electron
transferring live organism at the outer layer of
the biofilm caused high current generation (Sun
et al., 2016). It was speculated that bacteria

existed under more anoxic conditions with larger
anode  brush  size.  Therefore,  more
exoelectrogenic consortia developed on the
anode brush in order to generate current. As the
mass of biofilm increased over time, more brush
could achieve sufficient anoxic condition and
improved the current generation. Start-up for the
removed brush was delayed until sufficient
biofilm could consume oxygen in order for
exoelectrogenic to grow (Penteado et al., 2018).
However, high diffusion resistance was found in
the electrochemical system as time elapsed due
to the dead cell accumulated in the inner layer of
the biofilm. This explained the lower current
generation at lower surface area of anode. The
presence of activated carbon in the anode
compartment helped to shorten the start-up time
due to the rough surface which offered high
surface area for bacteria to grow and form a
mature bio-membrane (Tee et al., 2016). Tee et
al. (2016) took 10 days for start-up with 5.65 L
working volume. Another study on hybrid MFC-
Adsorption system by Selvanathan (2018) used
palm oil mill effluent as the substrate reported
three days for start-up with 655 mL of working
volume and 300 puM methylene blue as the
mediator. The start-up time was shorter due to
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the mediated transfer of electrons from
microorganism to anode. Penteado et al. (2018)
explained that lower volume of anode chamber
promoted the competition of microorganism
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towards substrate. The shorter time obtained in
this simulation study was due to a more stable
power over time could be achieved using GFB
as the anode (Ahn & Logan, 2013).

25 #22.83m"2/m"3
M , W21 .67m"2/m"3
2 ’.W, P 'II'II’ RN A20.52m"2/m"3
* .|.-|-d-l;|:'..--'t+"H"-'|-_|-_L_t- X 19 38m"2/m"3
= @ By e T eeseseee 18.24m"2/m"3
215 Hky¢ P 2 L atd .
= 1.5 " ) - ’0 .........ll... 17.1m"2/m"3
ot Ty - m] +1595m"2/m"3
g = e N ;
Z2 Py e A -14.82m"2/m"3
3 oMy Ta"y'm SORHRIRRRRIRAKK ~13.68m"2/m"3
4 o m * K #12.54m"2/m"3
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Figure 3. Optimized current generation of hybrid microbial fuel cell (MFC)-Adsorption system against time
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Figure 4. Chemical oxygen demand (COD) consumption rate and Chemical oxygen demand COD consumed by
electrogenic microorganism in hybrid microbial fuel cell (MFC)-Adsorption system against ESAVR

Effect of Anode Size on COD Consumption
Rate

The COD consumption rate was simulated by
referring to Penteado et al. (2018) which focused
on the effect of ESAVR. However, this study
used different conditions by varying the anode
surface area and assuming a constant anode
volume whereas Penteado et al. (2018) varied
the anode volume and assumed a constant anode
electrode. The simulated COD consumption rate
(Figure 4) showed a similar trend with Penteado
et al. (2018). Fluctuation might occur depending
on the load of a substrate which corresponds to
the bacteria present in the load (Selvanathan,
2018). The COD consumption rate was also

affected by the ESAVR where a higher ESAVR
would increase the COD consumption rate.
Several studies reported that higher COD
removal was obtained when higher anode size
was used. Wang et al. (2013) showed 14.86%
and 6.87% of COD removal using 81.1 cm? and
74.5 cm? of anode graphite plate, respectively.
Di Lorenzo et al. (2010) showed 70% of COD
removal using 1247 cm? of graphite pellets as
compared to the smaller anode size. The
treatment efficiency depended on the total
population of microorganism (Wang et al.,
2015). Higher anode surface area led to higher
nutrient consumption which indicated a positive
effect on the degradation of the waste and
promotion in the biomass formation. The COD
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consumption rate also depended on the anode
volume where a lower anode compartment
resulted in a higher COD consumption rate due
to more competition among microorganisms for
food (Penteado et al., 2018). Larger anode
surface area enhanced the power generation of
the hybrid MFC-Adsorption system which
suggested that the role of microorganism was
fixed in anodic biofilm. Penteado et al. (2018)
stated the significance of fraction of COD
consumption by electrogenic microorganism
which was related to the MFC performance. In
this study, the highest COD consumed by
electrogenic microorganism was 4.96 x 10°
Lmol/mg, which was obtained with the largest
anode surface area of 0.1288 m2 The COD
consumed by electrogenic microorganism
decreased with decreasing ESAVR. This could
be explained in terms of higher ohmic losses due
to the microbial community selection in lower
shear force which was affected by a smaller
anode size (Penteado et al., 2018).

CONCLUSION

The performance of a hybrid MFC-Adsorption
system in terms of bio-energy generation and
COD consumption rate has been simulated using
different GFB anode size. The highest power
density of 1.33 mW/m? was obtained with 20%
of anode brush removed. The power density
obtained was lower than previous studies due to
the smaller size of anode used. Higher power
density with an anode area of 0.1030 m? could
be achieved by using a more conductive
electrolyte as the substrate considering the low
microbial kinetic of the landfill leachate. The
current and voltage generation demonstrated a
decreasing trend with the reduction in anode
size. Besides, the start-up time was shorter when
a larger anode surface area was applied. The
COD consumption rate and COD consumed by
electrogenic microorganisms decreased with
increasing ESAVR. The simulation model
developed in this study could be further
improved for better performance of the hybrid
MFC-Adsorption system by considering other
parameters such as the reaction rate in anode
brush, charge transfer kinetics, substrate and
microbial population behaviour as well as the
mass transfer of air diffused in both anode and
cathode electrodes. A more precise simulation
and numerical study on the hybrid MFC-
Adsorption system would offer deeper insights
into the mechanism of the system operation and

potentially help in optimising the system
performance. Overall, the simulation model
developed was significant towards enhancing the
bio-energy generation and reducing the cost of
MFC for industrial application.
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ABSTRACT

Garcinia spp. have been used in traditional medicine to treat various ailments, and recent studies have confirmed
their pharmacological activities. In this context, the present study focused on three Garcinia spp., namely Garcinia
rostrata, Garcinia dryobalanoides and Garcinia cuneifolia, which gain less attention in terms of their
phytoconstituent and biological activity data. Methodologically, in this study, the phytochemical constituents of
the three Garcinia sp. was determined through gas chromatography mass spectrometry (GC-MS) whereby the
antimicrobial activity was evaluated using the Disc diffusion and Dilution method. The results showed that the
extract from Garcinia dryobalanoides exhibited the most potent antibacterial activity against Bacillus
amyloliquefaciens compared to the other species. The phytochemical analysis found that Garcinia dryobalanoides
extract contained significant amounts of (Z)-18-Octadec-9-enolide and n-hexadecanoic acid, which are known to
possess antibacterial properties. These major constituents were found to interact synergistically to produce the
observed antibacterial activity. The findings suggested that Garcinia dryobalanoides could be a promising source
for developing new antibiotics to combat bacterial infections. Overall, this study highlights the potential of
Garcinia spp. for discovering new bioactivities, particularly their antibacterial properties. Further research is
needed to explore the full range of phytochemical constituents and biological activities of these plants, which could
lead to the development of new drugs to combat antibiotic resistance.
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INTRODUCTION 2020; Dominic et al., 2015), a tropical rainforest
country that is rich with flora and fauna
(Surbramaniam, 2013). The morphology of

Garcinia varies depending on the species.

Plants have been used in medicine for a long
time as natural remedies to cure diseases. Certain

plant species have shown remarkable efficacy in
combating microbial threats, implying a wealth
of potential in the natural world (Parekh &
Chanda, 2007). These properties were associated
with the abundance of secondary metabolites
such as phenolic compounds, terpenoids,
flavonoids, and alkaloids (Othman et al., 2019;
Kianfe et al., 2020). These compounds have an
outstanding ability to prevent the growth of
viruses, bacteria, and fungi.

Garcinia is the largest and taxonomically
significant genus within the family Clusiaceae. It
comprises nearly 250 species worldwide
(Garden et al., 2020). The genus Garcinia is
found abundantly in Malaysia (Khapare et al.,

Generally, Garcinia plants are evergreen trees or
shrubs that can grow up to 20-25 m tall, although
some species may be smaller (Wu et al., 2022).
The leaves of Garcinia spp. are usually glossy
and dark green, and they are arranged in pairs or
whorls. The leaves can be simple or compound,
and they range in size from 15 to 20 cm in length
(Guedje et al., 2007). Meanwhile, its barks are
usually brown or grey and are rough to the touch
(Bora et al., 2017). Garcinia spp. is known for
having good biological activities to combat
many diseases owing to the existence of
compounds that have significant therapeutic
properties (Nguyen et al., 2017) such as
oxygenated and prenylated xanthones. These
compounds have excellent biological activity as
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an anti-fungal (Adekunle et al., 2020), anti-
inflammatory (Feng et al., 2021), anti-tumour
(Jin et al., 2019), anti-oxidant (De Melo et al.,
2021), human immunodeficiency virus (HIV)-
inhibitory (Corona et al., 2021) and
antilipidemic properties (John et al., 2019).

To date, antibiotic resistance has been a
major threat to global health, food security, and
development. This escalating public health crisis
crosses  geographical and  demographic
boundaries, jeopardising the effective treatment
of a wide range of infectious diseases in people
of all ages and from all countries. In fact,
infections such as pneumonia, tuberculosis,
gonorrhoea, and salmonellosis are becoming
more difficult to treat as antibiotics used to treat
these diseases become less effective (WHO,
2020). This situation leads to an increased
mortality rate hence, there is a need to search for
a novel antibiotic to combat antibiotic resistance
(Varela et al., 2021). Currently, there are
30,0000 antibiotic compounds that have been
successfully identified from natural products
(Thirumurugan et al., 2018). Garcinia is known
for its anti-microbial activity in fighting various
bacteria strains (Lin et al., 2021). For instance,
Garcinia gummi-gutta essential oil contains high
chemical constituents of (E)-p-farnesene and f3-
caryophyllene, which inhibits methicillin-
resistant Staphylococcus aureus (MRSA) (Tan et
al., 2020). Other than that, Garcigerin A and a-
mangostin (xanthone) isolated from Garcinia
dulcis show remarkable inhibition towards two
pathogens, S. aureus and MRSA (Tamhid et al.,
2019). Besides xanthone, bioflavonoids isolated
from Garcinia livingstonei show excellent
bacteria inhibition activity toward some
nosocomial bacteria (Kaikabo and Eloff, 2011).
Triterpene, namely Friedline isolated from
Garcinia latissima, exhibits anti-bacterial
activity against Bacillus subtilis (Ambarwati et
al., 2019).

With this understanding, three Garcinia
spp., namely Garcinia dryobalanoides, Garcinia
rostrata, and Garcinia cuneifolia were
investigated for their qualitative phytochemical
analysis and their antimicrobial activity.

MATERIALS AND METHODS

Plant Material
The stem bark of Garcinia rostrata (UITM3022)
was collected from Aluvial Forest, Jalan Sungai
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Moyan, Sarawak. For Garcinia dryobalanoides
(UITM3032) and Garcinia cuneifolia (UITM
3025), the stem barks were collected from
Semanggoh, and Keranggas Forest, Jalan Sungai
Cina Matang, Sarawak, respectively. All
samples were identified by a botanist.

Chemical and Solvent

A chromatography or an analytical grade solvent
were used throughout this study. All chemicals
were purchased from Merck (Darmstadt,
Germany) and Sigma-Aldrich  (Chemie,
Steinheim, Germany)

Preparation of Plant Extract

The collected plant samples were air-dried and
ground into fine powder. The powdered stem
bark of Garcinia rostrata, Garcinia
dryobalanoides, and Garcinia cuneifolia
underwent maceration three times with
increasing polarity solvents (hexane, ethyl
acetate, and methanol) for 72 h. The macerated
plant sample was then filtered, and the filtrates
were allowed to evaporate under reduced
pressure to obtain dry plant extracts of hexane,
ethyl acetate, and methanol (Zamakshshari et al.,
2016).

Anti-bacterial Assay

All bacteria stock cultures were preserved in
Muller-Hinton Broth and stored at 4 °C. The
antimicrobial activities were tested against two
bacteria:  two  gram-positive  (Bacillus
amyloliquefaciensand and S. aureus) and two
gram-negative (Pseudomonas aeruginosa and
Escherichia coli). All of the bacteria strains
were obtained from the Microbiology
Laboratory at Universiti Malaysia Sarawak's
Faculty of Resources Science and Technology.
The diffusion method was applied to identify the
antibacterial activities (Zamakshshari et al.,
2022) with 1 mg/mL of concentration for each
extract. The antimicrobial activities were
assessed by measuring the diameter of zone
inhibition after incubating the plates for 24 h at
37 °C. Positive and negative controls that were
used for the antibacterial assay were
streptomycin sulphate (10 pg/mL) and dimethyl
sulfoxide  (DMSQO), respectively.  Broth
microdilution assay, on the other hand, were
implemented to determine the minimum
inhibitory concentration (MIC) the plant extract.



Nor Hisam et al. 2006

Serial dilutions of the plant extracts (1.0 mg/mL
—1.95 ug/mL) were used for the assay. Each well
containing the diluted extract was supplemented
with 20 pL of a 5 mg/mL TTC solution and
incubated at 37 °C for 1 hour. Reduction of TTC
to a pink formazan by viable microbes was used
as an indicator of growth. The MIC value was
determined from the lowest concentration that
remained colourless. Then, from each MIC broth
tube without visible growth, 100 uL of broth was
pipetted onto Muller-Hinton agar and spread
across the entire surface of the plate to determine
the minimum bactericidal concentration (MBC).
The plate was incubated for 18 — 24 h at 35 °C
prior to examination of the colony growth on
each plate.

Gas Chromatography Mass Spectrometry
(GC-MS)

GC-MS was carried out using a Shimadzu
GCMS-QP2010 Plus spectrometer. The constant
pressure was set at 100.0 kPa and helium was
used as the carrier gas. An RTX-5MS fused
silica capillary column (30 m x 0.25 mm) with a
film thickness of 0.25 pm was used in the GC-
MS. Injection was performed in splitless mode at
300 °C in the injector. The temperature of the
oven was increased by 4 °C/min from 40 to 160
°C (5-minute hold) and by 5 °C/min from 160 to
280 °C (15-minute hold). Each sample analysis
was completed within a total run time of
approximately 74 minutes. The GC-MS
interface temperature was maintained at 280 °C.
MS mode was used for analytical scanning
between 45 and 500 atomic mass units (amu).
The ion source temperature was set to 280 °C.
Peaks were identified using the National
Institute of Standards and Technology Mass
Spectral Library (NIST17).
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RESULTS & DISCUSSION
Extraction

The extraction of bioactive compounds from
plants is essential for the nutraceutical and
pharmaceutical industries. This process is
critical to preserving the active ingredients in
herbal plants and preventing their loss or
destruction  during  preparation.  Extracts
obtained from plants provide a vast array of
valuable compounds that are useful for further
analysis and research. Therefore, the extraction
step is vital before analysing the herbal plants for
their potential benefits (Yahya et al., 2018). In
this study, three Garcinia spp.: Garcinia
dyrobalanoides, Garcinia rostrata and Garcinia
cuneifolia, were extracted using maceration
method with three solvents with different
polarities namely ethyl acetate, methanol and
hexane. The purpose of using three different
polar solvents in the extraction of plants is to
obtain a broad spectrum of chemical constituents
that may have varying polarities and solubilities
(Aissou et al., 2017). The results showed that
Garcinia dyrobalanoides and Garcinia rostrata
had a high percentage yield for the ethyl acetate
extract compared to their methanol and hexane
extracts (Table 1). This indicates that these two
plant species are rich in semipolar compounds,
which are soluble in ethyl acetate. On the other
hand, the results showed that Garcinia cuneifolia
had a high percentage yield of methanol extract
compared to other extracts. This result indicated
that Garcinia cuneifolia contains high-polar
compounds that are more soluble in methanol. In
addition, the findings suggested that the solvent
used for plant extraction can significantly impact
the yield and composition of the extract
obtained.

Table 1. Percentage yield of extract obtained from Garcinia dryobalanoides, Garcinia cuneifolia and Garcinia

rostrata
Species Extract Weight of plant Extract weight (g) Percentage yield (wt/wt)
sample (kg)

Garcinia Hexane 3.40 41.40 1.22

dryobalanoides Ethyl Acetate 161.05 4.73
Methanol 69.87 2.05

Garcinia cuneifolia Hexane 0.51 2.66 0.52
Ethyl Acetate 11.04 2.16
Methanol 29.85 5.85

Garcinia rostrata Hexane 1.32 3.07 0.23
Ethyl Acetate 172.09 13.01
Methanol 84.58 6.39
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Antimicrobial Assay

The well diffusion method was used to screen
the antimicrobial activity of extracts obtained
from Garcinia dryobalanoides, Garcinia
rostrata and Garcinia cuneifolia against selected
bacteria. The screening results are tabulated in
Table 2. A concentration of one mg/mL of the
extract was used, as per the guidelines set by
Pretto et al. (2004), which considers a plant
extract with more than 1000 pg/mL as weak
antimicrobial activity. All extracts of Garcinia
dryobalanoides and the ethyl acetate extract of
Garcinia cuneifolia showed good antimicrobial
activity against B. amyloliquefaciens compared
to other extracts. The antimicrobial activity is
due to the presence of major compounds such as
(Z)-18-octadec-9-enolide, n-hexadecanoic acid,
2-Propenoic acid, Octabenzone and
1,6,10,14,18,22-Tetracosahexaen-3-ol.

Meanwhile, none of the extracts demonstrated an
inhibition zone against S. aureus. For the gram-
negative bacteria, only the methanol extract of
Garcinia dryobalanoides and the ethyl acetate
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extract of Garcinia cuneifolia showed more than
a 10 mm inhibition zone against E. coli and P.
aeruginosa, respectively. The extracts that
showed more than a 10 mm inhibition zone were
further evaluated for their minimum inhibitory
concentration (MIC) value. The results showed
that both ethyl acetate and methanol extracts of
Garcinia dryobalanoides had MIC values of 500
pg/mL against E. coli, which are considered to
have moderate antimicrobial activity (Pretto et
al., 2004). Moderate activity was also seen in the
inhibition against B. amyloliquefaciens by
Garcinia  dryobalanoides and Garcinia
cuneifolia extract. Only the ethyl acetate extract
of Garcinia dryobalanoides gave a 250 pg/mL
MIC wvalue against B. amyloliguefaciens.
Meanwhile, other extracts, such as hexane and
methanol extract of Garcinia dryobalanoides
and ethyl acetate extract of Garcinia cuneifolia,
gave 500 pg/mL MIC values against B.
amyloliquefaciens. It can be concluded that the
evaluated Garcinia spp. exhibited bacteriostatic
characteristics by their ability in inhibiting
bacteria growth.

Table 2. Inhibition diameter of crude extract on garcinia species and positive control against selected microbes.

Plant Extract Inhibition zone (mm)
Bacteria strain tested
Bacillus Staphyloccus Escherichia coli Pseudomonas
amyloliquefaciens aureus aeruginosa
Garcinia Hexane 13.33+£0.57 NA 9.00 £0.00 NA
dryobalanoides Ethyl 14.33 £ 0.57 NA 10.00 + 1.00 NA
Acetate
Methanol 11.66 +1.52 NA 11.00+1.71 9.67 £0.57
Garcinia cuneifolia Hexane NA NA 8.00 £ 1.00 NA
Ethyl 14.00 + 1.00 NA 9.33+1.73 11.33+0.57
Acetate
Methanol NA NA 9.00+1.00 9.67 £0.57
Garcinia rostrata Hexane NA NA 7.00 £1.00 NA
Ethyl 8.67 +0.57 NA 9.33+1.15 NA
Acetate
Methanol NA NA 9.00 +1.00 7.67 £ 0.57
Streptomycin 23.67+£0.57 24.33+0.58 28.67 £0.57 26.00+1.73
DMSO NA NA NA NA

GC-MS Analysis

The investigation on phytochemical was to
analyse the chemical constituents present in
various extracts of garcinia using GC-MS. The
GC-MS is a powerful analytical technique that
separates and identifies complex mixtures of
chemicals present in a sample. The researchers
analysed the chemical constituents of each
extract and compared them to identify the
common compounds present in most of the
extracts. The results were documented in Table

3. Compounds with a selective index (SI) greater
than 80% were identified with a compound
name, whereas those with a Sl less than 80%
remained unclassified when their mass spectrum
was compared to the NIST database. A total of
147 different chemical constituents were
detected in all the Garcinia extracts, including
phenols, terpenoids, acyclic alkene,
phenylpropanoids, acid and others. Interestingly,
the profiling of all Garcinia extracts revealed
that (Z)-18-Octadec-9-enolide was present in
each extract. This compound is also found as a
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major component in other plant species such as
Imperata cylindrica and Millettia zechiana
(Lalthanpuii et al., 2019; Chama et al., 2022).
The presence of this compound in Garcinia
extracts suggests its potential as a bioactive
compound in Garcinia. Furthermore, the GCMS
analysis found nine compounds belonging to the
family of terpenoids in some of the extracts. In
general, terpenoids are cyclic unsaturated

Phytochemical profiling of Garcinia

84

hydrocarbons that are linked to the basic
isoprene skeleton and have constituent groups
that vary in oxygen content. Terpenoids are
present in most fruits and plants (Caputi & Aprea
2011). Previous research suggests that
terpenoids have potential as protective agents
and treatments for chronic illnesses including
cancer and heart disease (Wagner, & Elmadfa,
2003).

Table 3. Forty Common chemical composition founds in three Garcinia spp.

No. Compounds % compound in extract (10mg extract)
Garcinia Garcinia cuneifolia Garcinia rostrata
dryobalanoides
HEX EA MeOH HEX EA MeOH HEX EA MeOH
1 3H-3a,7-Methanoazulene 0.67 N.D N.D 1.26 N.D N.D 0.54 N.D N.D
2 2,5-di-tert-Butyl-1,4-benzoquinone 0.32 0.17 N.D N.D N.D N.D N.D N.D N.D
3 1-Nonadecene 2.68 3.60 0.85 N.D N.D N.D 151 0.44 3.82
4 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-
diene-2,8-dione 0.93 1.59 N.D 0.96 N.D N.D 0.33 N.D N.D
5 Benzenepropanoic acid 0.44 N.D 0.45 N.D N.D N.D N.D N.D N.D
6 Glutaric acid 0.10 0.14 N.D N.D N.D N.D N.D N.D N.D
7 n-Hexadecanoic acid 6.71 9.27 N.D 17.33 641 0.23 2.57 2.88 7.03
8 9-Octadecenoic acid 030 0.79 1.48 N.D N.D 0.19 N.D N.D N.D
9 Methyl stearate 1.24 1.46 0.52 N.D 0.65 N.D 0.49 0.48 0.97
10  (2)-18-Octadec-9-enolide 6.61 12.86 821 4526 27.01 5.04 957 1342 28.04
11 Octadecanoic acid 2.05 221 N.D N.D 1.35 N.D N.D N.D N.D
12 1-Hexacosanol 3.60 4.67 N.D N.D N.D N.D N.D N.D N.D
13 2-Propenoic acid 2.80 2.52 1.12 N.D 6.47 N.D 1.13 3.04 6.55
14 Bis(2-ethylhexyl) phthalate 0.63 N.D N.D N.D 0.42 N.D N.D N.D N.D
15 Tetrapentacontane 0.19 0.21 N.D N.D N.D N.D N.D N.D N.D
16 Octabenzone 7.26 8.31 2.20 N.D  10.48 N.D 0.70 2.45 5.16
17 alpha.-Tocospiro B 1.15 0.61 N.D N.D N.D N.D N.D N.D N.D
18 2,6,10,14-Hexadecatetraen-1-ol 3.22 3.85 N.D N.D N.D N.D 0.78 N.D N.D
19  (R)-2,8-Dimethyl-2-((3E,7E)-4,8,12-
trimethyltrideca-3,7,11-trien-1-yl)chroman-6-
ol 3.74 0.56 0.95 N.D N.D N.D N.D N.D N.D
20 beta.-Sitosterol acetate 0.88 N.D 1.09 N.D 1.97 N.D 0.76 241 4.64
21 1,6,10,14,18,22-Tetracosahexaen-3-ol 22.82 14.00 18.00 N.D 10.66 N.D 419 N.D N.D
22 Stigmasterol 1.70 1.90 3.78 N.D N.D N.D N.D N.D N.D
23 Cyclopentadecanone N.D 0.99 N.D 5.38 N.D 0.29 0.24 N.D N.D
24 alpha.-Amyrin N.D 1.90 3.69 N.D N.D 23.26 N.D N.D N.D
25  gamma.-Sitostenone N.D 0.53 N.D N.D N.D 7.97 N.D N.D N.D
26 Friedelan-3-one N.D 2.27 8.88 N.D N.D 3299 10.07 9.26 11.19
27 beta.-Amyrone N.D 0.53 N.D N.D N.D 0.64 N.D N.D N.D
28  (E)-9-Octadecenoic acid ethyl ester N.D N.D 0.57 N.D 2.56 N.D N.D N.D N.D
29 1-Heptacosanol N.D N.D 2.26 N.D 1.77 N.D 2.18 1.90 4.59
30 24-Norursa-3,12-diene N.D N.D 4.66 N.D N.D N.D 0.52 N.D N.D
31 Linoleic acid N.D N.D 6.72 1.49 1.40 N.D 3.07 N.D N.D
32 Thunbergol N.D N.D 0.67 N.D N.D N.D 0.54 N.D N.D
33 Tricyclo[20.8.0.0(7,16)]triacontane N.D N.D 28.68 N.D N.D N.D 5229 3852 13.37
34 Copaene N.D N.D N.D 1.02 N.D N.D 0.22 N.D N.D
35  Caryophyllene N.D N.D N.D 0.68 N.D N.D 0.79 N.D N.D
36  Pentadecanoic acid N.D N.D N.D N.D 0.43 N.D N.D 0.36 N.D
37 Heptadecanolide N.D N.D N.D N.D 1.07 N.D N.D 0.27 N.D
38 11,14-Eicosadienoic acid N.D N.D N.D N.D 0.78 N.D N.D 0.28 0.80
39 28-Norolean-17-en-3-one N.D N.D N.D N.D 1.72 N.D N.D 3.07 6.74
40 Stigmasta-5,22-dien-3-ol N.D N.D N.D N.D 1.67 N.D N.D 0.85 N.D
HEX = hexane extract, EA= ethyl acetate extract, MeOH = methanol extract and N.D = not detected.
Correlation of Anti-BacteriaL Activity with Octabenzone and 1,6,10,14,18,22-
Chemical Constituents of the Extract Tetracosahexaen-3-ol in all Garcinia

The chemical constituents present in an extract
contribute to the anti-bacterial activity. The
results showed that the presence of major
constituents such as (Z)-18-octadec-9-enolide,
n-hexadecanoic  acid, 2-Propenoic  acid,

dryobalanoides extracts and the ethyl acetate
extract of Garcinia cuneifolia has led to
inhibition of B. amyloliquefaciens. These major
compounds are interacted synergistically among
them and increase their anti-microbial activity.
Previous research reported that the presence of
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n-hexadecanoic acid can moderately
antibacterial activities against several bacteria
strains, such as K. pneumoniae, E. coli, B.
subtilis, and S. aureus at low maximum
concentrations (Ganesan et al., 2022). Besides
that, the presence of more than 30% of (Z)-18-
Octadec-9-enolide in the extract is reported to
lead to good antimicrobial activity (El-Sayed et
al., 2023). However, even though some extracts
contain those compounds as major constituents,
the weak anti-bacterial activity shown might be
due to antagonistic interactions between major
and minor compounds. The synergistic and
antagonistic interactions of  chemical
constituents in a plant extract refer to the way
these constituents can interact with each other to
produce either a greater or a lesser effect than
expected. Synergistic interactions occur when
two or more constituents work together to
produce a stronger effect than each constituent
could produce on its own (Caeser & Cech.,
2019). Meanwhile, antagonistic interactions
occur when two or more constituents work
against each other, resulting in a weaker effect
than expected (Guo et al., 2019).

CONCLUSION

The qualitative phytochemical analysis and
antibacterial activity of three Garcinia spp.,
namely Garcinia dryobalanoides, Garcinia
rostrata, and Garcinia cuneifolia towards four
bacteria strains were fully established. Among
all, Garcinia  dryobalanoides extract
demonstrated good  biological activities
compared to others owing to the synergistic
interactions of chemical constituents present in
the extract. This study is crucial as the
identification of extract activities and
phytochemical analysis is vital for herbal
product development and acts as a bioactive
marker or fingerprint for herbal standardisation.
Despite that, further study on the isolation and
extraction of chemical constituents from
Garcinia  species,  specifically  Garcinia
dryobalanoides is essential to determine their
potential as drug candidates to combat the
antibiotic resistance that has become one of the
most serious threats to world health, food
security and development.
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ABSTRACT

Tailings pond is considered as the main source of heavy metal pollution in gold mining areas. These heavy metals
are directly released into fresh water without proper treatment. Phytoremediation process with the selected
terrestrial plants may be an alternative solution for the mine wastewater treatment. In the current study, an
experimental investigation found that Rumex nepalensis Spreng. has found a good accumulator of multi-metals in
15 days of experimental period. The results revealed that the removal efficiencies for Zn, Cu, Ni and Pb were
100%, 92%, 87%, and 67%, respectively. These indicate the plant showed its maximum accumulation of multi-
metals. However, Pb reached saturation at the end of the 10" day, which makes its removal efficiency only in the
first 10 days of the experimental period. The experiment revealed Pb and Ni which were above WHO standard
for drinking water in the mine wastewater were made to permissible limit for these metals after the treatment.

Keywords: Mine wastewater, phytoremediation, Rumex nepalensis Spreng., tailings pond
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INTRODUCTION

Rapid urbanization and development have
considerably increased the demand for water, as
it is a basic necessity of all living organisms
(Mustafa & Hayder, 2021). However, some
industrial activities introduce toxic pollutants
directly into fresh water without proper
treatment (Gupta & Shukla, 2020). Industrial
wastewater is a major problem due to high
concentrations of toxic pollutants, particularly
heavy metals (Razzak et al., 2022). Heavy metal
pollution has become a major global concern due
to its toxicity (Demkova et al., 2017; Sey and
Belford, 2019; Agarwal et al., 2022). The
presence of heavy metals in wastewater poses a
significant risk as it can contaminate surface
water and soil, ultimately finding its way into the
food chain (Ahmad et al., 2022; Tong et al.,
2022).

Gold processing often leads to the production
of substantial quantities of tailings and
wastewater, both of which can be sources of
heavy metal contaminants (Manyuchi et al.,
2022). Mine tailings are a mixture of finely
powdered rock and water residual after gold has

been extracted from a mine (Chen et al., 2018).
Mine tailings are the main heavy metal pollution
source in gold mining areas (Zhang et al., 2020).
A previous study has shown that the mine
wastewater of the study area contains several
heavy metals. Moreover, the mine wastewater is
discharged to the nearby water bodies without
proper treatment of heavy metals (Getaneh &
Alemayehu, 2006). The release of toxic heavy
metals from mine tailings can contaminate
surface water, groundwater and agricultural soils
(Bempah & Ewusi, 2016). Heavy metal
contaminants are bio-accumulative and non-
biodegradable (Dayal et al., 2016; Bouzekri et
al., 2020) and have a potential to pose health
risks to humans and aquatic life in the vicinity of
mining areas (Liang et al., 2017; Adewumi &
Laniyan, 2020).

Various conventional physicochemical and
green biological techniques are applied to
remove heavy metals. Conventional treatment
methods including adsorption, coagulation,
flocculation, chemical precipitation, membrane
separation, ion exchange, flotation, and
electrochemical technologies produce swift
results, although they generate contaminated
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slurry and more costly compared to
bioremediation of heavy metals from wastewater
(Razzak et al., 2022). Phytoremediation
technique is a branch of bioremediation that
employs the application of plants for the
remediation of wastewater (Mustafa & Hayder,
2021). It is a cost-effective and environmental
friendly technology of wastewater treatment
(Kumar et al., 2017). Heavy metal pollution and
its repercussion for human health have increased
research in developing low cost and sustainable
remediation technology (Razzak et al., 2022).
Therefore, the use of plants to remediate water
pollution is currently attracting scientific
community, as it provides a sustainable, cost-
effective, less harmful and eco-friendly process
(Kumar & Chopra, 2018; Razzak et al., 2022).

Rumex nepalensis is an herbaceous plant
belongs to Polygonaceae family which has been
used as traditional herbal medicine (Yadav et al.,
2011). The plant has the antibacterial property
against some strains of bacteria (Pal & Saha,
2003). The leafy vegetable of the R. nepalensis
has antioxidant potential (Anusuya et al., 2016;
Kumar & Singh, 2020) and its consumption will
prevent aging related diseases (Anusuya et al.,
2016). In Ethiopia, the plant is traditionally used
for the treatment of stomach ache, tonsillitis,
ascariasis, and uterine bleeding (Dabe et al.,
2020). Moreover, some studies have shown the
plant’s potential for phytoremediation (Ahmad
et al., 2022; Aras, 2022). A study undertaken in
Uranium Mine of Southwestern China revealed
the highest accumulation of uranium metal by
the plant (Li et al., 2019).

Currently, various research results have been
achieved in the phytoremediation of heavy
metals from wastewater by using aquatic plant
(Chaudhary & Sharma, 2019; Abbas et al., 2021;
Panneerselvam & Priya, 2021). Aquatic plants
are plants that grow in or near water and are
either emergent, submersed, or floating
(Balamoorthy et al., 2022). Aquatic plants have
potential to absorb pollutants such as heavy
metals found in domestic, agricultural and
industrial wastewaters (Mustafa & Hayder,
2021). However, limited research has been done
on the treatment of wastewater using terrestrial
plants. Terrestrial plants are those plants which
are largely dominating land surfaces (Beraldi-
campesi, 2013). Rumex nepalensis was selected
among other terrestrial plants based on previous
research by Mengistu et al. (2023). In this study,
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the translocation factor which is the plant’s
ability to transport Cu, Ni and Pb in the upper
part of the plant were reported 2.84, 1.5, and 3.0
respectively. These values can be considered as
indicators for the plant’s potential for
phytoextraction (Waris et al., 2022; Mengistu et
al., 2023). Furthermore, there were few studies
which used terrestrial plants to treat particularly
using real wastewater. Among the few reported
studies, most of them used synthetic wastewater
prepared in laboratories. Therefore, this work is
an experimental investigation of heavy metal
removal efficiency of R. nepalensis from mine
wastewater at laboratory scale.

MATERIALS AND METHODS
Sample Collection

Wastewater sample was collected from
Legadembi Gold Mine which is located at about
500 km south of the Capital, Addis Ababa. The
longitude and latitude of tailing pond is
38.899453" and 5.7208514°. The wastewater
sample was taken using polyethylene bottles,
previously rinsed with mine water from the
sampling site and brought to the laboratory for
experimental investigation.

The herbaceous plant species, R. nepalensis,
which was abundantly grown around the tailing
pond was uprooted and packed in polyethylene
bags and then transported to laboratory for the
purpose of mine wastewater treatment. The plant
was selected among other terrestrial plants based
on literature review, its production of densely
branched roots and high above-ground biomass
(Ali et al. 2013). Moreover, the plant was
selected among other plants based on previous
research by Mengistu et al. (2023). In their
study, the plant has showed efficient
translocation of heavy metals especially, Cu, Ni
and Pb in the upper part of the plant.

Experimental Setup

The experiment was performed at laboratory
scale with adequate amount of sunlight and air
by using R. nepalensis in order to investigate the
percentage removal of heavy metals from mine
wastewater (Figure 1). The plants were first
cleaned of dirt and then the acclimatisation was
undertaken. Acclimatisation process was carried
out for three days, which is a process of adapting
the plants to the new planting medium, and the
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surrounding conditions (Ratna & Slamet, 2020).
Plants with equal height and weight were used
for each treatment pots containing 1 L of the
mine wastewater which was filled up to the
mark. One fresh and healthy plant was kept in
each of the treatment pots. The wastewater
sample without the plant species was used as
control. The experiment was carried out for 15
days. This time was selected based on the work
of Kothari et al. (2022) and Singh et al. (2021).
Duplicate treatments were designed for each of
the three variations of time (5 days, 10 days, and
15 days). Plants were removed from two
containers in each of the respective time
duration, and then the water samples kept for
laboratory analysis. Distilled water was added
daily to each container to compensate for water
loss through plants transpiration and evaporation
(Abbas et al., 2021). Hoagland solution of 5 mL
(Wu et al., 2022) was added to the treatment pots
each day. The Hoagland nutrient was prepared
based on (Buta et al., 2014).

Analysis

The wastewater was examined before and after
phytoremediation experiments for the selected
heavy metals. Water samples were collected
from the treatment pots on days: 5, 10, and 15
for analysis. The wastewater was digested
according to EPA method 3051A (EPA, 2007)
with modification, in a High Performance
Microwave Digestion System (ETHOS UP
milestone). 50 mL of wastewater was digested
with mixtures of concentrated solutions of 5 mL
of HNO; and 1 mL of HCI. The chemical
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reagents used were analytical or guaranteed
reagent grade. Finally, the solution was
transferred into a 50 mL volumetric flask and
diluted to 50 mL using distilled water. The
solution was then ready for the quantitative
analysis of the heavy metals. Hence, the dilution
factor becomes 1. Metal concentrations in water
sample were calculated as follows Eq. (1):

_ GCs.Vs
C= v Eq. (1)

Where:  C = Metal concentration (mg/L) in
water sample

Cs = Concentration of metal in
digested dilute sample (mg/L)

V, = Final volume of the digested
sample solution (mL)

V = Volume of digested sample

(mL)

For quality control purpose the same samples
were analysed in duplicates and after every five
samples, a calibration standard was analyzed to
verify the response and efficiency of the
analytical instrument. The accuracy of the
method was confirmed by using known standard
and the recovery of the tested samples using the
following Eq. (2). The percentage recovery
varied between 83.3% and 116.7%. These values
are acceptable recovery which lies within a range
of 80% - 120% as shown in Table 1.

9% Recovery= [Seiked samplel-{Unspiked samplel 109 Eq, (2)

Where, [ ] = concentrations

Table 1. Results of the recovery analysis for the wastewater samples

Heavy metal Concentration Concentration after Amount added % Recovery
before spiking spiking
Cu 0.085+0.005 3.62+0.021 4 mg/L 88.3%
Zn 0.12+0.007 4.13+0.015 100.25%
Pb 0.025+0.005 4.09+0.082 101.6%
Ni 0.05+0.014 4.72+0.250 116.7%
Cd 0.00+0.000 3.96+0.014 99.0%
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Figure 1. The experimental procedures and heavy metal removal mechanisms

In addition, Blank samples were digested
following the same techniques employed for
digesting the wastewater samples. Each blank
were analysed for the metal contents (Cu, Cd,
Zn, Pb and Ni) by MP-AES. The standard
deviation (Std) of replicate blanks was
calculated to determine method detection limit
(MDL) using Eq. (3) (Butcher & Sneddon, 1998;
Techane et al., 2019).

MDL= blank mean + Std Eq. (3)
The method detection limits of the microwave
assisted digestion for the wastewater samples in
mg/L were 0.006, 0.010, 0.005, 0.001, and 0.020
for Cu, Cd, Zn, Pb and Ni metals, respectively.

The water samples were analysed for heavy
metals Pb, Ni, Zn, Cu and Cd using Agilent
Technologies 4200 Microwave Plasma Atomic
Emission Spectrometer (MP-AES). Moreover,
the pH of water samples was measured using
senslON™ + MM150, HACH. All statistical
analyses were performed with Microsoft Excel
and STATA 14.1. The removal efficiency of the

heavy metals (Pb, Ni, Zn, Cu and Cd) was
calculated using Eq. (4).

Removal efficiency (%) = CiC_in Eq. (4)

Where, Ci= the initial concentrations of the
heavy metals in the mine wastewater and Cs =
the final concentrations of the heavy metals in
the treated mine wastewater.

RESULTS AND DISCUSSION

The mechanism of removing heavy metals could
be either by phytoextraction, phytostabilization,
or phytovolatilization (Chen et al., 2023) as
showed in Figure 1. Phytoextraction is the
removal of heavy metals by aboveground tissues
of the plant while phytostabilization is the
plant’s ability to resist high metal concentrations
and halt them within their roots (Priya et al.,
2023). Metals are absorbed by the roots and enter
the stem through xylem vessels, which are then
passed to the stems and then to the leaves
through photosynthetic mechanism (Ratna &
Slamet, 2020). Real wastewater from tailings
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pond of gold mining industry was used to test the
phytoremediation potential of R. nepalensis.
Time dependent removal efficiency of the plant
is presented. Table 2 shows the results of the
phytoremediation potential for 15 days in five
days intervals. The mine waste water was
analysed for Cd, Cu, Zn, Pb, and Ni before
treatment, and also after five days, 10 days and
15 days of treatments with R. nepalensis. The
analysis result of Cd was below detection limit
both before and after treatments of the mine
waste water. The contamination levels of the
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collected mine wastewater for Pb and Ni metals
were beyond the safe limit of WHO for drinking
water. The level of Pb and Ni in the tailings pond
is about 1.5 and 3.4 times, respectively higher
than the standard limit for drinking water (WHO,
2011). Moreover, the level of Ni in the initial
mine wastewater is still slightly above the
permissible limit set for
wastewater discharge (WHO, 2006). Generally,
the removal efficiencies exhibited an increasing
trend as treatment days increases.

Table 2. The pH and heavy metal concentration (mg/L) before and after treatment

Parame Before phytoremediation After phytoremediation WHO limit WHO limit
ters Co (Initial) C1 (5" C2 (10t C3 (15" drinking wastewater*
day) day) day) water” =
pH 8.84 8.53 7.98 7.72 6.5-8.5 6.5-8.5
Cu 0.13 0.1 0.025 0.01 2 0.2
Zn 0.05 0.03 0.02 ND 3 2
Pb 0.015 0.01 0.005 0.005 0.01 0.5
Ni 0.24 0.17 0.05 0.08 0.07 0.2
(WHO, 2006*; WHO, 2011**)
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Figure 2. Removal efficiencies of varous metals at regular time interval

The pH values of the mine wastewater were
decreased significantly during the
phytoremediation using R. nepalensis. In this
study, the pH in the three intervals of treatment:
(5™, 10", and 15" day) was reduced by 3.51%,
9.73%, and 12.67% respectively. That means at
the end of 15 days of treatment, the maximum
pH reduction of 12.67% was recorded. In
previous studies, (Singh et al., 2021) were
reported the highest pH reduction of 10.75% in
the treatment of paper mill effluent using P.

stratiotes which was the decrease of pH values
from 8.56 to 7.64. In addition, Azeez (2021) has
also showed a maximum pH reduction of 7.6%
from the sewage treatment unit using Utricularia
vulgaris L. The variation of the pH might be due
to the formation of transitional compounds
during the microbial degradation of dissolved
organic substances in the wastewater (Singh et
al., 2021).

The initial concentration of Cu, Zn, Pb, and
Ni in the untreated mine wastewater were 0.13
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mg/L, 0.05 mg/L, 0.015 mg/L, and 0.24 mg/L,
respectively. In other studies, Kothari et al.
(2022) reported high concentrations of Cu (4.4
mg/L), Zn (7.0 mg/L), Pb (2.6 mg/L), and Ni (3.8
mg/L) in tannery effluents, which are all higher
than the levels of the heavy metals in the
untreated mine wastewater of this study.
However, George et al. (2017) used initial
concentrations of Cu (0.008 mg/L), Zn (0.05
mg/L), Pb (0 mg/L), and Ni (0.06 mg/L) in
municipal wastewaters which are lower than the
levels of heavy metals in this study. The
concentration of heavy metals in our study
decreased to 0.01 mg/L for Cu, 0.01 mg/L for Pb
and 0.08 mg/L for Ni on the 15" day of the
treatment, while Zn was below detection limit at
this final treatment day. The maximum removal
efficiencies for Zn, Cu, Ni, and Pb were 100%,
92%, 87%, and 67%, respectively, indicating the
highest removal efficiency for Zn, followed by
Cu, Ni, and finally Pb (Error! Reference source
not found.). In other study Balamoorthy et al.
(2022) has wused the synthetic wastewater
containing Cd, Pb, and Cu with initial
concentrations of 0.25 mg/L, 0.5 mg/L, and 2
mg/L respectively, by introducing Mimosa
pudica and treating them for 16 days. Their
results showed that there was a reduction in Cd,
Pb, and Cu to a concentration of 0.02 mg/L, 0.21
mg/L, and 0.4 mg/L level of heavy metals from
the wastewater, respectively which showed the
plant’s ability to accumulate up to 92% of Cd,
58% of Pb, and 80% of Cu.

The concentration of Cu was 0.10 mg/L on
the 5™ day, 0.025 mg/L on the 10" day, and 0.01
mg/L at the end of the 15" day. The removal
efficiency of R. nepalensis for Cu from the mine
wastewater was enhanced from 23% on the 5™
day to 81% on the 10" day and finally became
92% at the end of the treatment schedule. The
rate of percentage removal of Cu metal increased
as the uptake time increased (Abbas et al., 2021).
The rate of absorption of Cu was 81% in the
early days of treatment indicates at the first 10
days the accumulation process was achieved by
the roots only and later the translocation of Cu
was carried by the shoots of the plant
(Balamoorthy et al., 2022). Abbas et al. (2021)
has showed the highest percentage removal
efficiency of Cu with 87.78% at 16 days
experiment from industrial wastewater using
Typha latifolia. Other study by Balamoorthy et
al. (2022) which used a terrestrial plant, Mimosa
pudica, also showed the improvement in the
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removal of Cu from wastewater from 40% on the
4" day to 80% at the end of the 16" day. Ahmad
et al. (2022) have reported the potential of R.
nepalensis which able to accumulate greater than
0.05 g/kg of Cu in its shoots. Furthermore, Aras
(2022) has investigated the accumulation of 13.6
mg/L of Cu metal in R. nepalensis plant.

The concentration of Zn was recorded 0.03
mg/L on the 5" day, 0.02 mg/L on the 10" day
and below detection limit at the end of the 15™
day. The removal efficiency of R. nepalensis for
Zn from the mine wastewater was enhanced
from 40% on the 5™ day to 60% on the 10" day
and finally became 100% on the 15" day. Similar
to Cu, the uptake of Zn by the plant has increased
as time progressed. In other studies, Abbas et al.
(2021) have showed the highest percentage
removal efficiency of Zn with 75.81% at 16 days
experiment from industrial wastewater using T.
latifolia. Similarly, Azeez (2021) has reported
the reduction of Zn in wastewater from 2.92
mg/L to 0.69 mg/L using U. vulgaris plant in 21
days of treatment, which is a percentage removal
of about 76%. A laboratory-scale experimental
investigation on phytoremediation of industrial
effluent using Nelumbo nucifera Gaertn has also
showed a reduction of Zn from 10.14 mg/L to
4.92 mg/L (Al-hugail et al., 2022). Moreover, in
an investigation undertaken to determine the
elemental content of heavy metals by Aras
(2022) has reported a total of 45.5 mg/L of Znin
R. nepalensis plant.

Lead is among non-essential toxic metals. A
continuous consumption of Pb polluted water
leads to severe effects on human health such as
brain diseases, cognitive and productivity
problems, carcinogenic effects, kidney and
bones diseases (Panneerselvam & Priya, 2021).
The level of Pb in our study reduced to 0.01
mg/L on the 5" day, 0.005 mg/L on the 10" and
15" days. Unlike other heavy metals, the
removal efficiency of R. nepalensis for Pb from
the mine wastewater was recorded 33% on the
5% day to 67% on the 10" day and 15" day. This
might be due to a low translocation of Pb to the
shoot, which makes Pb immobile compared to
the other heavy metals studied (Fritioff et al.,
2010). From test results, it can be noticed that the
root of R. nepalensis reached saturation at the
end of the 10" day of treatment. This indicates
the effective removal of Pb is on the 10" day.
This finding is in agreement to a study
undertaken by using a terrestrial plant known as
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M. pudica which showed, the percentage of
removal of Pb on the 16" day was found to be
very less in amount compared to the percentage
of removal of Cd and Cu (Balamoorthy et al.,
2022). However, Ratna and Slamet (2020) have
showed effective removal of Pb from industrial
wastewater containing 0.42 mg/L using Pistia
stratiotes in six days experiment. Similar to Zn
and Cu of our study, the percentage removal of
Ni has also enhanced as the treatment days
increased.

CONCLUSION

Phytoremediation process with the terrestrial
plant may be an alternative solution by putting
the plants on a floating bed and keeping the roots
in the wastewater. The study results evidenced
that the removal efficiency of Zn, Cu, Ni, and Pb
were 100%, 92%, 87%, and 67% respectively.
The pH values of the wastewater were decreased
significantly during the phytoremediation. The
plant showed maximum accumulation of multi-
metals. However, Pb reached saturation at the
end of the 10" day, which makes its effective
removal on the first 10 days of experimental
period. From the present study, the mine
wastewater should be treated by R. nepalensis
for at least 10 days to reduce the toxic heavy
metals especially Ni and Pb to their WHO
standard limits. As this phytoremediation
experiment has used a real type of wastewater
with slightly lower concentrations of heavy
metals, further studies are recommended with
higher levels of heavy metals using synthetic
wastewater or theoretical concentrations in
laboratories.
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ABSTRACT

Acute exposure of eukaryotic cells to ultraviolet-B (UVB) radiation leads to a number of detrimental effects, one
such prominent effect of UVB exposure is increased production of free radicals which can lead to oxidative
damage. Although, the human skin is well equipped with endogenous antioxidant defence system, often increased
levels of free radicals lead to oxidative damage in skin. Skin inflammation, accelerated skin aging, and formation
of wrinkles are all consequences of UVB induced photodamage. Hence, it is posited that supplementation of an
exogenous antioxidant derived from natural products could prevent and reduce oxidative damage in skin cells.
This study set forth to investigate the antioxidative role of terpenoid rich Canarium odontophyllum Mig. (Dabai)
extract on acute UVB-induced photodamage human keratinocyte cells (HaCaT). We first evaluated the
antioxidative capacity of increasing concentrations of crude extracts of TRCO Dabai extracts (62.50 pug/mL, 125
pg/mL, 250 pg/mL, and 500 pg/mL) through FRAP assay. We found all the tested TRCO extract exhibited
antioxidative capacity in dosage dependent manner. We further investigated the effects of pre-treatment 250
pg/mL and 500 pg/mL TRCO on UVB-induced photodamaged HaCaT cell by measuring oxidative stress markers
of lipid peroxide (LPO content), protein carbonyl (PC) content, glutathione peroxidase (GSH-Px) and glutathione-
S-transferase (GST) activities. Both 250 pg/mL and 500 pg/mL TRCO extract pre-treated UVB-induced HaCaT
cell group exhibited significantly reduced lipid peroxides content and GST activity compared to the positive
control (p<0.05). Pre-treatment of 250 pug/mL TRCO extract significant enhanced GSH-Px activity (p<0.05).
However, no significant difference in protein carbonyl content could be established across all tested groups.
Therefore, our results suggest that TRCO extract can offer protection against oxidative damages caused by UVB
exposure, and said protective effects can be attributed by its antioxidant properties.

Keywords: Canarium odontophyllum, exogenous antioxidants, keratinocyte, oxidative photoaging, skin
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INTRODUCTION

The epidermis layer of human skin forms the
outermost protective barrier which defends
against  xenobiotic,  environmental and
pathogenic stressors (Grice & Segre, 2011). The
epidermal layer provides physical separation
between organisms and the external environment
(Ghazali et al., 2020) which is important in
negating effects of environmental stressors.
However, the protective mechanism of skin is
predominantly compromised by skin aging. Skin
aging is influenced by both intrinsic and

extrinsic factors which results in loss of cellular
integrity thus resulting in altered functional
roles (Landau, 2007). Intrinsic aging is a normal
physiological occurrence that gradually leads
loss of skin firmness, thickness as well as
reduced capacity in skin repair mechanisms
while extrinsic aging is caused due to
environmental aspects like cosmetics, pollution,
poor nutrition and UV irradiation, resulting in
pre-mature skin aging, coarser skin, skin laxity
and loss of cell elasticity (Zhang & Duan,
2018).UV irradiations are well-documented to
be the primary external factor to accelerate
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skin aging (Wang et al., 2019).

There are three types of UV radiations
namely UVA (315- 400 nm), UVB (280 to 320
nm) and UVC (100 to 280 nm) except for UVC,
two other ultraviolet radiations penetrate into
skin in wavelength dependent manner. UVA
radiation penetrates through epidermis and
dermis layer while UVB radiation does not
penetrate deeper than the epidermis layer (You
et al., 2001). Although both UVA and UVB
impose damaging effects to the skin, UVB
radiation is considered more detrimental, as
UVB radiations are shorter and can be directly
absorbed by DNA causing mutations in
pyrimidine bases of DNA leading to initiation of
skin cancer (Mahendra et al., 2021). In
particular, UVB ultraviolet irradiation
accelerates the generation of free radicals
(Wondrak et al., 2006).When the levels of free
radicals exceed threshold levels, oxidative
damage occurs, thus, leading to detrimental
effects to cellular nucleic acids, cell membranes,
cellular proteins and lipids (McDaniel et al.,
2018).

Fortunately, skin cells are equipped with
elaborate antioxidant defence system composing
of enzymatic and non-enzymatic antioxidants
which work in cohort to protect cells against
oxidative damage. The roles of endogenous
antioxidants against UV induced oxidative
damage are classified into four major
mechanisms; i) scavenging and quenching
reactive species, ii) ending free radical chain
reactions, iii) repairing molecular damages
caused by radicals and iv) sequestration of
transition metal ions (Aguilar et al., 2016).
These functions are essential in inhibiting
oxidant reactivity and in safe-guarding from
cellular oxidative stress. However, the capacity
of these endogenous antioxidants is not
unlimited. Overexposure to UV can overwhelm
the antioxidant defence system (Steenvoorden &
Beijersbergen  van  Henegouwen, 1997).
Therefore, additional photoprotection
approaches are essential to maintain redox
balance in cells thus avoiding further oxidative
injury.

MATERIALS AND METHODS
Plant Material

Fresh leaves of Canarium odontophyllum Miq
were collected in December 2019 from
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(1°26'03.2"N 110°25'52.1"E) Kuching,
Sarawak. The specimen was brought in with
export and research and development permits
obtained from Sarawak Biodiversity Centre
(Permit No: SBC-2020-EP-58-MWH & SBC-
2019-RDP-20-MWH) by Dr. Muhammad
Wahizul Haswan Aziz and Associate Prof Dr.
Dayang Fredalina Basri, University Kebangsaan
Malaysia (UKM). The specimen was deposited
in UKM Herbarium with voucher number 1D
1D028/2020.

Preparation of leaf extract of Canarium
odontophyllum

Solid-liquid solvent extraction method was
employed to extract Canarium odontophyllum
Miq. (Dabai) leaves extract. In the ratio of 1:10,
409 of C. odontophyllum air-dried and coarsely
grounded leaves were soaked in 400 mL of n-
hexane solvent for 48 hr at room temperature.
After 48 hours, the mixture was filtered by using
Whatman No.1 filter paper to collect the filtrate.
The filtrate was then concentrated under reduced
pressure using rotary evaporator until crude were
formed. The obtained crude was allowed to air-
dry under fume hood for 24 hr to remove
remaining solvent. The resultant terpenoid rich
crude was weighed. Terpenoid rich C.
odontophyllum (TRCO) stock (1mg/mL) were
prepared by diluting 1 mg of the crude in
1000mL of DMSO and kept at 4°C until further
use. C. odontophyllum test concentration ranging
from 62.50 ug/mL, 125 ug/mL, 250 pg/mL and
500 upg/mL were prepared by diluting the
1mg/mL of C. odontophyllum stock in distilled
water and sterilised using 0.22 pm Millipore
syringe filter.

Determination of In Vitro Antioxidant
efficacy of Canarium odontophyllum Mig.
Leaves Extract via Ferric Reducing
Antioxidant Power (FRAP) Assay

The ferric reducing antioxidant power of TRCO
were evaluated in accordance to (Benzie and
Strain 1996). Essentially, in the presence of
antioxidants, colorless ferric ion [Fe®*24,6-
Tris(2-pirydyl)-s-triazine),]**is  reduced to
insoluble Prussian blue ferrous ion-TPTZ
complex [Fe*-(TPTZ),]** in acidic medium.
Firstly, FRAP working reagent were prepared in
10:1:1 ratio by mixing 30 mL of acetate buffer
(30 mM, pH 3.6), 3 mL of FeClz (20 mM) and 3
mL of TPTZ solution (10 mM). The FRAP
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working reagent wrapped in aluminium foil and
placed in 37°C water bath until use. A calibration
curve using iron (I1) sulphate FeSO4 calibration
is prepared with serially diluted concentrations
that range from 100 to 1,000 uM. Ascorbic acid
as positive control with concentrations ranging
from 3.125 pg/mL to 50 pg/mL were also
prepared. The C. odontophyllum Mig. test
concentrations of 62.50 pg/mL, 125 pg/mL, 250
pg/mL and 500 pg/mL were also prepared. For
the assay, 50 uL of FeSOg, ascorbic acid solution
and C. odontophyllum Mig. test extracts were
added into respective wells in a 96-well plate in
which each concentration consisted of
quadruplicate (n=4). Then, 175 pL of pre-
warmed FRAP reagent were added to the wells.
Next, the plates were incubated at 37 °C for 5
min. Finally, absorbance readings were taken at
595 nm using microplate reader. The FRAP
values were expressed as ascorbic acid
equivalent antioxidant capacity (AEAC)
(Serbessa, 2019).

Cell culture

The immortalized human keratinocyte (HaCaT)
cell lines were purchased from Elabscience
USA, catalogue number EP-CL-0090). The cells
were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) containing glucose, L-
glutamine and sodium pyruvate (HiMedia,
India), 1% penicillin-streptomycin  mixture
(Nacalai Tesque, Japan) (Pen-Strep, 10 000
IU/mL) and supplemented with 15% foetal
bovine serum (FBS) (Sigma-Aldrich®). The
cells were maintained under standard cell culture
conditions of 37°C,5% COzand 95% humidity.

UVB Treatment of HaCaT Cells

HaCaT cells were seeded in 6 wells cell-culture
plates at a density of 4 x 10* cell/mL. Cells were
maintained in DMEM media supplemented with
1% pen-strep and 15 % FBS until 80%
confluency were reached. The media was
removed and cells were rinsed with sterile
phosphate-buffered saline (PBS). Then, cells
were divided into 250 pg/mL treatment group,
500 pg/mL treatment group, negative control,
and positive control groups. The 250 pg/mL and
500 pg/mL treatment groups were pre-treated
with 1 mL of 250 pg/mL and 500 pg/mL C.
odontophyllum extract prepared in DMEM
media. Whereas, both positive and negative
control groups were added with 1 mL DMEM
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media only. Next, cells were incubated at 37 °C,
5% CO- and 95% humidity for 30 min. Upon
incubation, 250 pg/mL, 500 pg/mL C.
odontophyllum extracts treatment groups and
positive control group were exposed to UVB
radiation at 30 mJ/cm? without culture plate
cover. Negative control group was not exposed
UVB irradiation. Then, cells were washed twice
with 1 mL ice-cold PBS for cell lysate
preparation.

Cell lysates Preparation

Cell lysates were prepared by adding 400 pL of
ice-cold RIPA lysis buffer to cells. Next, cells
were incubated on ice for 5 min. Upon
incubation, cells were gently scrapped and
collected in micro-centrifuge tubes. The lysates
were incubated in ice for 30 min on constant
agitation. After incubation, cell lysates were
centrifuged at 16128 RCF/g for 10 min at 4°C to
remove cell debris. Supernatant of cell lysates
were carefully collected and protein estimation
was made based on BCA method.

Determination of Lipid Peroxides (LPO)
Content, Protein Carbonyl (PC) Content,
Glutathione  Peroxidase @ (GPx) and
Glutathione-S-Transferase (GST) Activity

The lipid peroxide (LPO) and protein carbonyl
(PC) content as well as glutathione peroxidase
(GPx) and glutathione-s-transferase (GST)
activities of cell lysate samples were determined
using relevant commercial  kits  from
Elabscience® in accordance to manufacturer’s
instruction.

Statistical analysis

Data values are expressed in mean * standard
error of measurement (SEM) based on
experiments performed in triplicates (n=3). One-
way ANOVA test was carried out to compare
means of various treatment groups. Significant
level was set to 0.05 wherein results were
considered statistically significant if p<0.05.
IBM SPSS Statistics Version 23 and GraphPad
Prism Version 9 were used for statistical
analysis.

RESULTS

Antioxidant Capacity of n-hexane extract of
C. odontophyllum Miq
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The reducing capacity of TRCO were through
FRAP Assay. The FRAP values were expressed
as ascorbic acid equivalent antioxidant capacity
(AAEAQC) in the unit of pg AA (ascorbic acid)/g
C. odontophyllum Mig leaves extract (Serbessa,
2019). TRCO extract with concentration of
range of 62.50 pg/mL, 125 pg/mL, 250 pg/mL
and 500 pg/mL were tested for its antioxidative
capacity. Significant difference in FRAP values
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between all the tested extract concentrations
were observed (p< 0.05). The highest FRAP
value was exhibited by 500 pg/mL with
6.75+0.08 ugAA/g (Table 1), followed by 250
pg/mL  expressing 4.27+0.06 pgAA/g, 125
pg/mL, with 1.66+0.03 pgAA/g while the lowest
concentration of 62.50 pg/mL exhibited
1.11£0.07 ugAA/g (n=4) (Fig 1). All the FRAP
values were statistically significant at p<0.05.

Table 1. Ascorbic Acid equivalent FRAP values of different concentrations of Terpenoid rich Canarium

odontophyllum (TRCO) extracts

Concentration (pug/mL)

Ascorbic acid Equivalent FRAP values (LgAA/Q)

62.5
125
250
500

1.11£0.07
1.66 £ 0.03
4.27 +0.06
6.75 +0.08

Effects of TRCO Extract on Lipid Peroxides
(LPO) Content on UVB-irradiated HaCaT
Cells

In the present study, we assessed the effects of
TRCO on lipid peroxides content in acute UVB
exposed keratinocyte cells. We found that the
highest concentration of lipid peroxides was
exhibited in UVB only exposed HaCaT cells
(Figure 2), whereas the control group (non-UVvB
exposed) exhibited lower lipid peroxide
concentration. A statistically  significant
difference between UVB exposed and control
group in lipid peroxide concentration was
observed  (p<0.05). Our result further
demonstrated that pre-treatment with TRCO
extracts prior to UVB exposure effectively
reduces lipid peroxide content in HaCat cells
(Figure 2). Notable lower lipid peroxide content
was observed in both TRCO extracts pretreated
UVB-exposed groups compared to UVB only
exposed group. Both 250 pg/mL and 500 pg/mL
TRCO treatment groups significantly reduced
generation lipid peroxides in comparison to
UVB only treated group (p<0.05). However, no
significant difference in lipid peroxide content
was observed between 250 pg/mL and 500
pg/mL  TRCO. extracts pre-treated UVB
exposed HaCat cells (p<0.05). Both 250 pg/mL
and 500 pg/mL TRCO extracts pre-treated UVB
exposed HaCat cells show no significant
difference in LPO content compared to negative
control group (non-UVB exposed group)
(p<0.05).

Effects of TRCO Extract on Protein Carbonyl
(PC) Content on UVB-irradiated HaCaT
Cells

We assessed the effects of TRCO extracts in
protein carbonyls formation in UVB exposed
HaCaT cells. Highest protein carbonyl content
was evident in UVB only exposed group (134.70
+ 15.21 nmol/mgprot) (Figure 3). However,
when comparing protein carbonyl levels
between UVB only exposed group to negative
control group (108.20 £+ 10.82 nmol/mgprot), no
significant difference could not be established
(p<0.05). We notice that the negative control
group exhibited relatively high protein carbonyl
content albeit the absence of UVB exposure.
Pre-treatment of 250 pg/mL and 500 pg/mL
TRCO extracts exhibited relatively lower protein
carbonyl content compared to UVB exposed
group. However, only 500 pg/mL TRCO extract
pre-treatment group exhibited significant
difference in PC content when compared to UVB
only exposed group (p<0.05).

Effects of TRCO Extract on Glutathione
Peroxidase (GPx) activity on UVB-irradiated
HaCaT Cells

We investigated GPx activity in UVB irradiated
HaCaT cells pre-treated with TRCO extracts.
UVB exposed HaCaT cells exhibited significant
depletion (Figure 4) in GPx activity (246.70
21.45 U/mgprot) compared to control group
(635.50 + 10.38 U/mgprot) (p<0.05). The 250
pg/mL TRCO extract pre-treatment group



Ahmad et al. 2024

exhibited no loss of GPx activity, in fact it
exhibited increased GPx activity than UVB only
exposed group (p<0.05). GPx activity in 250
pg/mL TRCO extract pre-treated group were
significantly higher than negative control group
(p<0.05). However, we notice that 500 pg/mL
TRCO extract pre-treated group exhibited
significant depletion in GSH-Px activity
compared to all other tested groups (p<0.05)

Effects of TRCO Extract on Glutathione-S-
Transferase (GST) activity on UVB-
irradiated HaCaT Cells

In our study GST activity in UVB only exposed
HaCaT cells resulted in highest activity at 0.38
0.29 U/mgprot (Figure 5). The negative control
group revealed significantly lower GST enzyme
activity 0.09 £ 0.10 U/mgprot) in comparison to
UVB only exposed HaCaT cells (p<0.05). Both
250 pg/mL and 500 pg/mL TRCO extract pre-
treatment groups expressed  significantly
reduced GST activity compared to UVB only
exposed group (p<0.05).

DISCUSSION

UVB is one of the main causes of oxidative
stress in skin. The duration and length of UVB
exposure determines the severity of the effects.
UVB radiation induces alterations in skin’s
biochemical compositions and mechanical
functionality due to oxidative stress. Accelerated
skin aging, formation of wrinkles and
impoverished skin firmness are all signs of
photodamage (Mishra et al., 2011). Although,
the human skin is well equipped with
endogenous  antioxidant  defence  system
comprising of a myriad of antioxidant
molecules, often the increased levels of free
radicals lead to depletion of said endogenous
antioxidants (Babiarz et al., 2002). Therefore,
application of exogenous antioxidants on skin
may help negate ill effects caused by excessive
free radicals during UVB exposure.

C. odontophyllum Miqg (Dabai) is one such
plant which is known for its nutritional and
antioxidative values. C.odontophyllum Miqg or
colloquially known as “Dabai” is an indigenous
plant to Borneo, Sarawak, Sabah, Brunei,
Kalimantan, and Philippines. Many studies had
been carried out on various parts of the Dabai
plant to assess its nutritional and antioxidative
values. C. odontophyllum plant extracts are
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recognized for its antioxidative activity against
free radicals (Azlan et al., 2010),as well as for
targeted cytotoxicity effects against many types
solid cancers without harming normal cells
(Latif et al., 2018). C. odontophyllum fruits are
reported to exhibit high antioxidant capacity
(Chew et al., 2011). The skin in particular is
shown to contain polyphenols, phenolic and
flavonoid compounds which is thought to be
responsible for the antioxidative capacity (Chew
etal., 2011). Various other studies have reported
antioxidative activity in various parts of C.
odontophyllum plants such as bark (Basri et al.,
2016), pulp (Basri, 2014), peel (Yang et al.,
2003; Chew et al., 2011) fruits and leaves (Basri,
2014; Basri, 2015).

To date, there are no published data available
on the antioxidative capacity of n-hexane
extracted C. odontophyllum, thereof, these
results serve as the first reported data on
antioxidative capacity of n-hexane extracts of C.
odontophyllum.

The antioxidative properties in C.
odontophyllum leaves extract is of particular
interest because leaves are constantly exposed to
UVB radiation stress and thereby, it is
hypothesized to  be  equipped  with
photoprotective  molecules composed  of
antioxidants in order to mitigate the formation of
reactive oxygen species observed (Chu et al.,
2008) . Protective antioxidants such as terpenes,
flavonoids, tannins and polyphenols are well
characterized in UVB induced leaves (Czegeny
et al., 2016). C. odontophyllum leaves extracts
were found to exhibit promising antioxidative
values (Basri, 2014; Basri, 2015; Budin et al.,
2018). These extracts were found to contain
terpenoids, tannins and flavonoids. Previous gas
chromatography (GC-MS) analysis on the n-
hexane extracts of C odontophyllum leaves
.wherein the major type of terpenoids were
identified as spathulenol and phytol (Basri et al.,
2022). The FRAP assay revealed antioxidative
capacity in all the tested n-hexane C.
odontophyllum leaves extracts. The
antioxidative  capacity in  n-hexane C.
odontophyllum  leaves extracts could be
contributed by the high presence of terpenoids.
Studies on spathulenol and phytol terpenoids
reveal antioxidative activities (do Nascimento et
al., 2018, Islam; Ali et al., 2018)
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Studies have confirmed that the presence of
terpenoids exhibit high reducing activities and
that, as the content of terpenoids increase the
ferric reducing capacities also increases (Das et
al.,, 2011, Greeshma & Murugan, 2018).
Therefore, as previously mentioned by Abdul
Aziz et al, (2022), terpenoid rich C.
odontophylum (TRCO) leaf extract can offer
antioxidative therapeutic effects.

In our study, n-hexane extracts of C.
odontophyllum were found to exhibit protective
effects when topically applied on human
keratinocyte cells prior to acute UVB irradiation
exposure. UVB is a potent generator of reactive
oxygen species (ROS) in skin. Under normal
circumstances, ROS are neutralized through the
network of endogenous enzymatic and non-
enzymatic  antioxidants. However, when
exposed to external stimuli such like UVB
radiation, ROS levels are highly elevated, this
occurrence results in overwhelmed endogenous
antioxidant system which leads to oxidative
stress. UVB irradiation is reported to not only
elevate ROS levels but also most worryingly, it
is responsible for the depletion of endogenous
antioxidants such as glutathione peroxidase
(GSH-Px) and  Glutathione-S-Transferases
(GST).

Glutathione peroxidase and glutathione-S-
transferase are part of endogenous antioxidant
defence system Jablonska et al., (2015) which
help to preventing reactive oxygen species
(ROS) induced oxidative stress in cells.
Glutathione peroxidases are cytoprotective
antioxidant selenoenzymes that plays two crucial
roles; i) the primary function of GSH-Px is to
catalyse the breakdown of hydrogen peroxides
(H202), lipidic or non-lipidic peroxides to non-
toxic products (e.g. water and oxygen) through
oxidation of reduced glutathione (GSH), this
activity of GSH-Px protects cells against lipid
peroxidation and ii) to maintain redox balance
between reduced glutathione (GSH) and
oxidized glutathione (GSSG) in cells (Arthur,
2001; Xianyong et al., 2017)

Pre-treatment of n-hexane extract of C.
odontophyllum at a low dose on acute UVB
exposed human keratinocyte cells (HaCaT)
resulted in high GSH-Px activity compared with
untreated-UVB exposed groups. This could be
due antioxidative activity of TRCO in
maintaining redox balance by reducing
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formation free radicals upon UVB exposure.
The increase in GSH-Px activity in exogenous
antioxidant treated cells is similarly observed in
many studies including (Arthur, 2001; Xu et al.,
2018; Biernacki et al., 2021; Kunchana et al.,
2021). The enhancement of GSH-Px activity
also corroborates with the low levels of lipid
peroxides observed. However, pre-treatment of a
higher dose of n-hexane extract of C.
odontophyllum revealed exhibited significant
depletion in GSH-Px activity compared to all
other tested groups (p<0.05). Instead of further
enhancing or maintaining GSH-Px activity, 500
pg/mL TRCO dose depleted GSH-Px activity to
even lower than UVB only exposed group. The
reason for this contradictory behaviour of 500
pg/mL TRCO dose could indicate the depletion
of reduced glutathione (GSH) in the UVB
exposed cells. Xenobiotics are capable of
inducing oxidative stress in cells which
eventually leads to depletion of endogenous
antioxidants in the process of maintaining cell
redox homeostasis. Reduced glutathione (GSH)
is part of endogenous antioxidant system which
plays major role in the detoxification and
neutralization of reactive oxygen species (ROS).
GSH is also major substrate for the activity of
GSH-Px (Eren & Selami, 2020). Therefore,
depletion of GSH could lead to decreased GSH-
Px activity. We presume that the depletion of
GSH at 500 pg/mL TRCO extract is what affects
the non-significant lipid peroxides and protein
carbonyl content when compared with 250
pg/mL TRCO extract.

At higher concentration, it can be presumed
that TRCO further aggravates the oxidative
damage in cells which leads to severe depletion
in GSH. This process eventually leads to the loss
of activity in GSH-Px activity as observed in this
study. Depletion of GSH can also mean the cells
are activating cell death machinery which leads
to apoptosis. Increased oxidative stress is linked
to cellular damage and induction of cell death.
Previous study by Abdul Aziz et al. (2022) on
cell viability of HaCaT cells tested at 500 pg/mL
TRCO provide evidences of decreased cell
survivability with increment of TRCO
concentration. Therefore, the severe depletion of
GSH-Px activity may indicate cell death due to
the increased oxidative damage. Studies have
shown that the concentration of terpenoids
determines the behaviour of terpenoids. At
higher concentration, terpenoids act as pro-
oxidants but at much lower concentrations it is
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found to exert antioxidative effects (Gonzalez &
Gbmez, 2012) Antioxidants such as ascorbate
can function both as antioxidant and pro-oxidant
on certain circumstances (Podmore et al., 1998).
Beneficial antioxidants such as resveratrol,
curcumin, coenzyme Q10, a-lipoic acid (He et
al., 2017) is also known to act as pro-oxidants
and produce overshooting of desired effects
resulting fluctuations in redox balance.

GST are part of phase Il detoxification
enzymes (Townsend & Tew, 2003) which are
largely responsible for detoxification of
xenobiotics and electrophilic free radicals
through conjugation with GSH. The mechanism
of GST conjugation involves pairing xenobiotics
with electrophilic centres to nucleophilic
portions of GSH to detoxify and prevent toxic
injuries to cells and tissues (Ishikawa, 1992).

TRCO extract pre-treated groups expressed
significantly reduced GST activity compared to
UVB only exposed group (p<0.05). This trend
was similarly reported in (Monga et al., 2014).
Reduced activity of GST in the TRCO pre-
treated group compared to the untreated group
could point out lower formation of free radicals
and toxic products associated with UVB
exposure. The reduced free radicals present can
be attributed to antioxidative capacity of TRCO
in scavenging free radicals thus leading overall
reduction in GST activity. In the event of
oxidative stress, antioxidative defence system
are activated to reduce, eliminate, and detoxify
free radicals to prevent oxidative damage to
cells. In this case, treatment of exogenous
antioxidant TRCO resulted in the overall
reduction in free radicals and its associated
oxidative stress products thus, not necessitating
induction of high GST activity. Therefore, when
there is a cellular redox balance, the need for
elevated detoxification activity is lower
(Benincasa et al., 2019). GSTs are not the only
detoxification ~ enzyme  responsible  for
eliminating free radicals, but there are various
other mechanisms involved in the elimination of
free radicals as well which were not explored in
this study. Many factors also affect the activity
of GST enzyme for example the availability of
GSH for the conjugation process which could be
rate-limiting factor for GST activity. Therefore,
further studies are needed to elucidate the
involvement of major enzymatic and non-
enzymatic antioxidants in the elimination of
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UVB induced free radicals in the presence of
TRCO.

Lipid peroxidation on epidermal layers
is a direct consequence of UVB irradiation
exposure. Lipid peroxidation occurs due to the
oxidative deterioration lipids by free radicals. It
is initiated when ROS attacks and abstracts
hydrogen from the methylene groups of lipids,
resulting in lipid radicals. Elevated amount of
ROS poses two consequences: i) impairing cell
components and ii) activating specific signalling
pathways (Finkel & Holbrook, 2000). The
overwhelming amount of free radicals inflicts
direct damage to lipids and leads to the
production of lipid peroxidation products such as
lipid peroxides, malondialdehyde (MDA), and 4-
hydroxyalkenals (HAE/HNE). Most of these
lipid peroxidation products are known to be
highly toxic and mutagenic (Esterbauer et al.,
1990) which causes injury in cells, tissues and
organs (Ayala et al., 2014). Lipid peroxidation
products are also strongly associated with
photodamage and pre-mature skin aging
(Alvarez & Stratton, 2008). Lipid peroxides are
prominent indicators of lipid peroxidation which
formed due to oxidative degradation of
polyunsaturated fatty acids (PUFA) by free
radicals.

In our study, we found that the highest
concentration of lipid peroxides (p<0.05) was
exhibited in UVB only exposed HaCaT cells,
whereas the control group (untreated and non-
UVB exposed) exhibited lower lipid peroxide
concentration. The reason for the increased LPO
formation upon UVB exposure can be majorly
attributed to the lipid rich matrix of epidermal
keratinocytes (Alvarez & Stratton, 2008). As we
know, lipid peroxides are product of free radicals
induced oxidation of polyunsaturated fatty acids.
Skin epidermis is composed of polyunsaturated
fatty acids such as linoleic acids which are found
abundantly in ceramides, while arachidonic acid
(AA) being the second most abundant (PUFA)
(Knox & O’Boyle, 2021) and omega 3 fatty
acids (Ziboh et al., 2000). These lipids could be
primary targets of free radical species such as
oxyl radicals, hydroxyl radicals and peroxyl
radicals thus leading to increased formation of
LPO. Our result is in accordance with Townsend
and Tew (2003) that reported higher secretion of
8-isoprostane, an end product of lipid
peroxidation in UVB- irradiated HaCaT cells
compared control group and as well as
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(Ishikawa, 1992) which reported similar
inclination of increased lipid peroxidation
product levels in UVB exposed group. Similar
trend was also observed in few studies which
evaluated effects of UVB radiation on lipid
peroxidation products in Kkeratinocyte cells
(Chapkin et al., 1990; Afaq et al., 2007; Piao et
al., 2013; Chen et al., 2015; Fehér et al., 2016;
Fernando et al., 2016; Luangpraditkun et al.,
2020; Lee et al., 2020).

We demonstrated that TRCO extracts of 250
pg/mL and 500 pg/mL were able significantly
reduce the generation of lipid peroxidation
products in HaCaT cells exposed to acute UVB
exposure. The reduction in lipid peroxides
formation is presumed to be due to terpenoid
antioxidant content in TRCO extracts.
Antioxidants are capable of scavenging free
radicals which are formed due to acute and
chronic UVB exposure. When HaCaT cells are
pretreated with exogenous antioxidants such as
TRCO extract, the generation of lipid peroxides
are suppressed. Supplementation of exogenous
antioxidant helps to scavenge excessive free
radicals that are generated due to UVB exposure,
thus, resulting in minimized lipid peroxide
formation.

Similar to lipids and DNA, ROS induced
oxidative stress also induces structural and
functional modifications to cellular proteins due
to protein oxidation. These  structural
modifications of protein molecules inevitably
lead to loss of biological functions. Another
prominent modification of proteins caused by
ROS is the conversion of proteins to carbonyl
derivatives (Sitte, 2003). Protein oxidation is a
natural consequence of aerobic life, however
environmental  stimuli  such as UV,
chemotherapeutic drugs and hyperthermia can
generate elevated amounts of ROS (Sitte, 2003).
High amount of protein carbonyls were reported
on keratinocytes cells that are exposed to UV
radiation (Ogura et al., 2011). This is because
UV-induced ROS reacts with amino acids of
proteins in dermis and epidermis of skin to
generate protein carbonyls (Yamawaki et al.,
2019). Although the consequence of protein
carbonyl accumulation in skin physiology
remains unclear, studies have reported changes
in skin colour (yellow-dark), alteration in
collagen and extracellular matrix associated with
photoaging  (Uehleke, 2010), decreased
moisture-holding capacity that leads to skin
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dryness and trans-epidermal water loss in
stratum corneum as a result of elevated protein
carbonyl levels (Baraibar, 2018; Yamawaki et
al., 2019) and accelerated skin aging by
amplifying decomposition of elastic fibres and
collagens (Yamawaki et al., 2019). Even though,
the body’s innate antioxidant defence system is
able to quench and eliminate ROS, excessive
amount of ROS can lead to irreparable protein
misfolding, to a large extend, which leads to
selective proteolysis (Sitte, 2003). Therefore,
strengthening the endogenous antioxidants with
additional exogenous  antioxidants in
neutralizing the harmful effects of ROS could be
a good strategy in reducing protein carbonyl
induced skin damages.

This study assessed the effects of TRCO
extracts in protein carbonyls formation in UVB
exposed HaCaT cells. We found that
pretreatment of 250 pg/mL and 500 pg/mL
TRCO extracts exhibited relatively lower protein
carbonyl content compared to UVB exposed
group. However, when compared to UVB only
exposed group, no significant difference in
protein carbonyl content can be established
(p<0.05). In fact, when comparing protein
carbonyl levels between UVB only exposed
group to control group, no statistical significance
could not be established (p<0.05). We notice that
the negative control group exhibited relatively
high protein carbonyl content independent of
any UVB exposure. This could be attributed to
other oxidation processes including formation of
carbonylated proteins through aldehyde and
amino residues reaction due to lipid peroxidation
(Chevion et al., 2000; Togni et al., 2019). The
negligible induction of protein carbonyl content
between the control group and UVB exposed
group could be ascribable to few reasons; firstly,
single exposure to UVB at low dose of 30
mJ/cm? may not be sufficient to induce notable
increase in protein carbonyls. Study by
Luangpraditkun et al. (2020) revealed enhanced
protein carbonyl levels when HaCaT cells were
exposed to single exposure of UVB at 60
mJ/cm?.  Secondly, possibly frequency of
exposure to UVB may influence protein
carbonyl content in keratinocytes. HaCaT cells
which were exposed to repeated dose UVB
irradiation were shown to express higher protein
carbonyls content by Lee et al. (2020). Thirdly,
a study by Ramachandran and Prasad (2008)
provided that the extent of protein oxidation in
living epidermal layer of skin is far less than
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dermal layer due to high antioxidant capacity in
the epidermis layer, thus, we presume that
keratinocyte cells which is the major constituent
of epidermal layer may also similar activities.
Finally, the generation of protein carbonyls upon
UVB exposure may require longer period of time
to exhibit any substantial changes. Time-
dependent fluctuations in reactive species upon
UVB exposure is possible as different radical
species act at different times (Sitte, 2003; Ogura
etal., 2011). Study by Lee et al. (2013) reported
higher protein carbonyl concentration when
measured 2 hr after exposing HaCat cells to 30
mJ/cm?, whereas in our study, cell lysates for
protein carbonyl measurement were measured
within 30 mins upon UVB exposure as we
wanted to examine the immediate effects of
UVB exposure on keratinocyte cells. Even
though, 500 pg/mL TRCO extract significantly
reduced protein carbonyl content in comparison
to UVB only exposed HaCat group (p<0.05), the
veritableness of this effect could not be
established as both positive and negative
controls indicate non-significant difference in
protein carbonyl levels. Therefore, further
studies are needed to establish the effects of
TRCO in protein carbonyl content in UVB
induced HaCat cell.

CONCLUSION

To summarise, UVB induced oxidative stress is
a key factor in the onset and progression of
photodamage and photoaging of the skin.
Supplementation of exogenous antioxidants
such as TRCO extracts as demonstrated in this
study provide antioxidative and photoprotective
effects against UVB. Specifically, TRCO gets
involved in the prevention of UVB-mediated
oxidative damage in HaCaT cells by lowering
lipid peroxides levels, lowering glutathione-s-
transferase activity (GST) and increasing
glutathione peroxidase activity (GSH-Px).
Taken together, TRCO appears to be a promising
candidate as exogeneous antioxidant for
protection against photoaging and photodamage.
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ABSTRACT

Seaweed, one of the marine resources is known for their precious active compound. The dehydration process is
required before the ultilization of the seaweed. It helps to increase the shelf life and play a major role in the
extraction of specific chemical components. This study was conducted to evaluate the effects of different drying
treatments of two different seaweeds on its phytochemical contents and carrageenan properties. Seaweed used
include edible seaweed which are Kappaphycus sp., and locally abundant seaweed Padina sp. Four (4) different
drying methods used; namely sun-drying for five (5) days, air-drying for 14 days, freeze-drying for five (5) days,
and oven drying with three different temperatures at 60 °C, 80 °C and 100 °C for six (6) h, respectively. The
moisture content was measured, and air-dried seaweeds contain highest moisture content (19.32% - 16.21%).
Methanol, MeOH was used as extraction solvent in the determination of phytochemicals content for total phenolic
content (TPC) and total flavonoid content (TFC). Sodium hydroxide, was used to extract carrageenan from
Kappaphycus sp., which was evaluated on their percentage yield. Oven dried at 100 °C extracts possessed lowest
retention of phytochemicals content and carrageenan yield among all drying methods. This finding suggests that
various drying methods applied significantly influenced the composition of seaweeds. Identifying the most
effective post-harvest drying procedure for seaweed would be commercially advantageous.

Keywords: Carrageenan, drying, Kappaphycus sp., Padina sp., phytochemical.
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INTRODUCTION which are red algae, green algae, and brown

algae, according to the pigment present. There

In Malaysia, Sabah is notable for being a fertile
ground for the growth and consolidation of
several types of seaweed. It is due to
geographical factor of Sabah compared to
peninsular Malaysia, Sabah is geographically
located below the monsoon and typhoon belt
(Fudholi et al., 2010; Hussin and Khoso, 2017).
Been introduced since 1978, cultivation of
seaweed in Sabah continues widely developed
for several industries and became a job
opportunity to the people (Ahemad et al., 2010).
Seaweed is a species of marine plants and algae
that grows in the ocean, rivers, mangroves, and
lakes. Seaweed has been utilised since the old
times as food, grain, compost and as a wellspring
of restorative medications (Mishra et al., 1993).
Seaweeds are categorised into three large groups

are more than 1500 species of seaweed in each
of the groups (Morais et al., 2020). They also
been studied for various applications, which can
be incorporated into several value-added food
products, animals feed, medicinal purpose, etc.
as shown in Table 1.

Seaweed contains dietary fibres, vitamins,
minerals, carotenoids and fatty acids. Other than
that, high content of phenolics and flavonoids
also reported in seaweed (Mei Ling et al., 2013).
Phenolic compound is a diverse group of
molecules covers a wide range of aromatic
secondary metabolite families. These phenolic
compounds in seaweed are able to combat
oxidative stress (Mei Ling et al., 2013).
Flavonoid is an essential antioxidant as it has
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high redox potential. This content allowed
seaweed to act as a great antioxidant. Several
studies have conducted and reported the high

Table 1. Applications of seaweed
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antioxidant activities of various seaweed (Yap et
al., 2019; Mei Ling et al., 2013; Belattmania et
al., 2016).

Seaweed

Studies on Application

References

Saccharina japonica

Bio-oil production

Zeb et al. (2017)

Gelidium robustum

Biodegradable plastics

Freile-Pelegrin et al. (2007)

Ascophyllum nodosum Fertilizer
Gracilaria cylindrica
Ulva rigida

Fucus spiralis

Abdel-Mawgoud et al. (2010)
Yadav et al. (2023)
Latique et al., (2013)

Dermatological

Freitas et al. (2020)

Kappaphycus alvarezii Edible film

Watt et al. (2014)

Undaria pinnatifida Skincare

Jesumani et al. (2019)

Fucus spiralis Linnaeus

Anti-Inflammatory

Lopes et al. (2014)

Mixture of brown and red seaweed Biogas production

Nkemka & Murto (2012)

Gracilaria birdiae Biofilter

Marinho-Soriano et al. (2009)

Hydrilla verticillata Adsorbent

Baral et al. (2009)

Hypnea hippurodies L.

Formulated shampoo

Tha (2012)

Laminaria digitate

Biofuel production

Vanegas et al. (2014)

Carrageenan is a polysaccharide that
commonly extracted from red seaweeds
(Rodophyta). It usually used in food, cosmetic
and pharmaceutical industries (Moey et al.,
2014; Tha, 2012; Lopes et al., 2014). According
to Yong et al., (2015), demand for carrageenan
had increase. This has led to increase of
cultivation of Kappaphycus sp. in Malaysia.
Carrageenan is one of polysaccharides in
seaweed other than agar and cellulose that
contain galactose and glucose. Kappa-
carrageenan (Figure 1) is used widely in food
additives as it produces strong rigid gels
(Ferdouse et al., 2018). It is a colloid that used
as stabilizer and thickening agent in food,

cosmetic and pharmaceutical industries.
—OH
"05S0 o
\40
OH

Figure 1. Kappa-carrageenan

Carrageenan is an alternating copolymer of a-
(1-3)-D-galactose and R-(1-4)-3,6-anhydro-D-
galactose (lli Balgis et al., 2017). Two other
classes of carrageenan are iota(1)-carrageenan
(Figure 2) and lambda()\)-carrageenan (Figure
3). lota-carrageenan comes mainly from
Eucheuma spinosum. It gives a more elastic and
soft structure while lambda-carrageenan is
commonly from Chondrus crispus and it
provides a creamy sensation in dairy products
(Ferdouse et al., 2018). The classification of
carrageenan is according to the number of
sulphate ester groups in each of them and the
presence of 3,6-anhydro-D-galactose. Table 2
shows the difference of carrageenan.
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Figure 3. Lambda-carrageenan

Alginate is another type of polysaccharide
extracted primarily from brown seaweeds
(Phaeophyta). Commonly used in food, and
actively studied on its pharmaceuticals, and
biomedical applications for its gelling and
binding properties (Salido et al., 2024). Figure 4
shows the chemical structures of sodium alginate
that is known for its ability to form gels in the
presence of divalent cations like calcium. In this
study, alginate is extracted from brown seaweed,
Padina sp.

COO”

In tropical countries like Malaysia, sun
drying is a common method used to maintain the
root products. Drying temperature affect
bioactive compound and will degrade when
dried at high temperature (Ismail et al., 2021).
This study was conducted to investigate the
impact of drying techniques on phytochemical
content and polysaccharides extracted from
Kappaphycus sp. and Padina sp. Methanol (80%
viv) was used for phytochemical content
extraction and alkaline treatment for carrageenan
extraction from Kappaphycus sp.

Figure 4. Sodium alginate structure
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Table 2. Differences of carrageenan type (Shafie et al., 2022)

Name Structure Main sources Usage
——OH e e Thickening
-0550 agent
5 Stabilisin
Kappa- (9 Kappaphycus | ® 9
carrageenan alvarezii agent
OH
——OH e Elastic and
00 | soft structure
lota- % Eucheuma
carrageenan spinosum
OH 0S0;
——OH H,C——0S05" e Thickening
Hoo | o . agent
\/o OH Euch e Creamy
Lambda- 4 ucheuma product
carrageenan gigartina
0805 0805

MATERIALS & METHODS
Sample preparation

Both fresh Kappaphycus sp. and Padina sp. were
collected from Semporna, Sabah. Seaweed was
hand-picked from the cultivation locations.
Harvests were occasionally cut by farmers using
knives then followed by clean water wash and
was sun-dried by laying on a horizontal platform
before being delivered to Universiti Malaysia
Sabah for experimental research purpose
(Farhaduzzama et al., 2023). Kappaphycus sp.
labelled as (K) and Padina sp. labelled as (P). All
seaweed was cleaned separately with tap water
to remove epiphytes, salt and holdfast. Then, it
was followed by washing with distilled water
before continuing with drying process.

Drying process

Four different drying treatments were applied to
both seaweeds under six different conditions.
Washed seaweed was spread evenly in a single
layer on trays except for freeze drying where the
seaweeds were placed in a thermal container.
Preliminary drying method was conducted to

achieve constant weight of dried seaweed. Sun
dry and freeze dry was held for 5 days, while air
dry were held for 14 days. All oven dry samples
were held for 6 hours. All dried samples applied
were labelled as shown in Table 3. The moisture
content of dried seaweed was taken and
calculated using the following formula Eq.(1):

Moisture content (%) = Wlw;fm x 100 Eq.(1)

Where,
W1: Weight (g) of sample before drying,
W?2: Final weight (g) of sample after drying.

Extraction and determination of
phytochemical content

Phytochemical content of dried seaweeds was
extracted according to Neoh et al. (2021) with
modification. Dried seaweed powders were
extracted with 80% v/v of methanol with ratio
sample: solvent of 1:20, w/v at room
temperature. The mixture was sonicated for 30
minutes at 50 kHz in an Elmasonic S 180 H
sonicator bath at 24°C, then shaken for 2 hours
at room temperature in an incubator shaker. The
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Table 3. Drying condition

Drying method Condition for drying Remark
Sun dry SD
Freeze dry -86 °C for 5 days FD
Air dry 25 °C for 14 days AD
Oven dry 100 °C for 6 hours 01
Oven dry 80 °C for 6 hours 02
Oven dry 60 °C for 6 hours 03

extract was filtered through filter paper
(Whatmann No. 1) before being stored at -20 °C
for further analysis.

Total Phenolic Content (TPC)

Total phenolic content (TPC) from dried
seaweed has been determined using Folin-
Ciocalteu method by Ainsworth et al. (2007)
with modification. About 100 pL of seaweed
extract applied to 200 uL of Folin-Ciocalteu
reagent. After five minutes, 800 uL of sodium
carbonate applied to the mixture and allowed to
stand in the dark room for 30 minutes. Gallic
acid was used as standard. The results were
expressed in the equivalent of 1 mg gallic acid
equivalent per 1 g dried seaweed extract (mg
GAE/g DS). A microplate spectrophotometer
reader (Thermoscientific) against blank solution
used to read absorbance at 765 nm. All
measurements been performed in five replicates.

Total Flavonoid Content (TFC)

Total flavonoid content (TFC) been determined
using the aluminium chloride calorimetric assay
Neoh et al., (2021) with modification. 120 pL of
dried seaweed extract was used and added with
360 pL of methanol. After 5 minutes, 24 puL of
aluminium chloride (10% w/v) was added to the
mixture. 24 pL of potassium acetate was added
to the mixture and the volume was made up to
1.2 mL with deionized water. The solution was
well blended using vortex and sustained for 15
minutes in the dark room. Quercetin used as
standard for standard calibration curve. Total
flavonoid content was expressed as 1 mg
quercetin equivalents in 1 g of dried seaweed
(mg QUE/g DS). A microplate
spectrophotometer reader against blank solution
used to read absorbance at 510 nm. All
measurements performed in five replicates.

Extraction and determination of carrageenan
yield from Kappaphycus sp.

Carrageenan extraction for Kappaphycus sp. are
according to Awalludin et al., (2022) method
with modification. five g of dried Kappaphycus
sp. was heated in 200 mL of 1M NaOH and 200
mL of distilled water on a hot plate for 2 hours
at 100°C. 100 mL of distilled water added, and
the mixture then heated for another 2 hours.
Yellowish-clear solution formed while heated.
The mixture was filtered while hot and the
solution was allowed to sustain in cold methanol
overnight. The gel precipitate formed been
centrifuge before filtered and oven dry at 60 °C
for 6 hours. The yield of dried carrageenan was
calculated using following formula; Eq. (2):

Carrageenan yield % = % x 100 Eq.(2)

W.: Weight (g) of dried carrageenan,
Wis: Weight (g) of dried seaweed used.

Extraction and determination of alginate
yield from Padina sp.

Sodium alginate extraction from Padina sp. was
performed following method of Rashedy et al.
(2021) with slight modifications. Approximately
0.5 g of dried samples was immersed in a 1%
CaCl solution overnight. The solution was then
separated, and the soaked seaweed was rinsed
with deionized water two to three times.
Subsequently, 5% HCI solution was added and
maintained at room temperature overnight. The
solution was then filtered, and the residue was
washed again with deionized water three times.
Alginate extraction was achieved by adding 3%
of Na,COj3 and shake for an hour. The extract
was filtered through a cheesecloth filter, and the
filtrate was subjected to bleaching with a 2.5%
(v:v) sodium hypochlorite solution. The extract
sodium alginate was precipitated in ethanol and
dried at 60 °C overnight. Alginate yield was
determined using following formula; Eq.(3):
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Polysaccharide yield % =
Weight (g) of dried alginate % 100 Eq.(3)

Weight (g) of dried seaweed
RESULTS AND DISCUSSION
Moisture content

Table 4 shows the variation of moisture content
for seaweeds at 6 drying methods ranged from
5.75% - 19.32% The orders of moisture content
for Kappaphycus sp. among different drying
methods in descending order are as follows:
oven dry 100 °C (15.94%) > oven dry 80 °C

Table 4. Percentage yield of each seaweed
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(16.17%) > oven dry 100 °C (17.12%) > sun dry
(18.29%) > air dry (19.32%). Padina sp. showed
significantly lower moisture content than
Kappaphycus sp., and this might be due to the
difference in physical state of each selected
seaweed. Physically, Kappaphycus sp. stored
higher water content as it contained carrageenan,
a hydrophilic compound (Farah Nurshahida et
al., 2020). In addition, early research had shown
that drying seaweed at temperatures above 50 °C
caused its colour to darken due to degradation of
chlorophyll within 2 hours, which led to a loss in
phytochemical content (Uribe et al., 2018).

Seaweed Drying techniques Initial weight Final weight Yield (%)
(9) C)
SD 0.5030 0.4110 81.71
AD 0.5113 0.4125 80.68
Kappahycus sp. FD 0.5001 0.4131 82.60
01 0.5140 0.4261 82.90
02 0.5073 0.4252 83.81
03 0.5021 0.4221 84.06
SD 0.508 0.4562 89.82
) AD 0.5061 0.4243 83.83719
Padina sp. FD 0.5013 0.448 89.36764
01 0.5011 0.465 92.79585
02 0.5021 0.472 94.00518
03 0.504 0.4753 94.30556

Phytochemical analysis

Total phenolic content (TPC) of Kappaphycus
sp. ranged from 1.59 — 5.28 mg gallic acid
equivalent (GAE) g* dried seaweed (DS) (Table
5). It can be observed that TPC varied with
different drying methods. The order of TPC for
Kappaphycus sp. across various drying methods
in descending order are as follows: oven dry at
100 °C (1.45 + 0.68 mg GAE/g DS) > sun dry
(1.59 + 0.9 mg GAE/g DS) > oven dry 80 °C
(1.61 £ 0.28 mg GAE/g DS) > oven dry 60 °C
(1.65+0.78 mg GAE/g DS) > freeze dry (2.31 +
0.24 mg GAE/g DS) > air dry (5.28 £ 0.29 mg
GAE/g DS).

Table 5 also shows total flavonoid content
(TFC) of Kappaphycus sp. ranged from 0.05 —
0.12 mg quercetin equivalent (QUE) g* dried
seaweed (DS). The order of TFC for
Kappaphycus sp. differ compared to its TPC.
Order of extractability of flavonoids from

Kappaphycus sp. in descending order are as
follows: sun dry (0.12 + 0.04 mg QUE/g DS) >
oven dry 60 °C (0.07 £ 0.01 mg QUE/g DS) >
freeze dry and oven dry 80 °C (0.06 + 0.005 mg
QUE/g DS) > air dry and oven dry 100 °C (0.05
+ 0.006 mg QUE/g DS).

Low TPC in Padina sp. extracted and
different order compared to Kappaphycus sp.
with ranged from 0.89 — 1.63 mg GAE g*dried
seaweed (DS) as shown in Table 6. The order in
descending order of TPC for Padina sp. are as
follows: oven dry at 60 °C (0.89 + 0.29 mg
GAE/g DS) > freeze dry (0.97 + 0.34 mg GAE/g
DS) > oven dry 80 °C (1.25 = 0.42 mg GAE/g
DS) > oven dry 100 °C (1.34 £ 0.53 mg GAE/g
DS) >air dry (1.58 £ 0.77 mg GAE/g DS) > sun
dry (1.63 = 0.31 mg GAE/g DS). Same table
showed high TFC content in methanol extracts
for Padina sp. It ranged from 0.31 — 0.95 mg
quercetin equivalent (QUE) g dried seaweed
(DS). In this study, the order in descending order
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for TFC in Padina sp. is same as its TPC content
with sun dry (0.95 £ 0.05 mg QUE/g DS) contain
the highest TFC and oven dry 60 °C (0.31 £
0.005 mg QUE/g DS) contain the least TFC.

However, significant leaching of phenolic
chemicals can be observed from sun drying and
oven drying (100 °C) in Kappaphycus sp. This
may be due to disability of the degrading enzyme
polyphenol oxidase. In contrast, Padina sp.
shows sun dried extract exhibit the highest
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phenolic content compared to other drying
methods. Air drying still shows a higher TPC
than other drying techniques. Oven dries of
Padina sp. approved Gupta et al. (2011), where
it stated that the percentage of total phenol and
total flavonoid in dried seaweed will be reduced
by 49-51% at temperatures below 40 °C and the
reduction would be decreased as the drying
temperature increased more than 41°C. Both
phenolics and flavonoids content in Padina sp.
increase in oven dries (60 °C > 80 °C > 100°C).

Table 5. Moisture content of Kappaphycus sp. and Padina sp. under different drying treatments.

Moisture content (%)

Drying techniques

Kappaphycus sp. Padina sp.
SD 18.29 10.18
AD 19.32 16.21
FD 17.40 10.58
01 17.12 7.19
02 16.17 5.98
03 15.94 5.75

Table 6. Phytochemical content of Kappaphycus sp.

Total Phenolics

Total Flavonoids

Samples (mg GAE/g DS)* (mg QUE/g DS)?
KSD 159 0.9 0.12 £ 0.04
KAD 5.08 + 0.29 0.05 + 0.01
KFD 2.31+0.24 0.06 + 0.01
KO1 165+ 0.78 0.07 £ 0.01
KO2 161 +0.28 0.06 + 0.005
KO3 145 + 0.68 0.05 + 0.006

Total phenolic content was expressed as mg gallic acid equivalents in 1g of dried seaweed (mg GAE/g DS)
2Total flavonoid content was expressed as mg quercetin equivalents in 1g of dried seaweed (mg QUE/g DS)

Carrageenan Yield

The drying process can alter both physical and
chemical properties of the seaweed. The changes
may impact the brittleness and texture which
may influence the efficiency of subsequent
carrageenan extraction processes. Figure 4
depicts the jelly-like carrageenan extracted from
Kappaphycus sp. which is commonly utilised in
food industries as thickening agent. Results
show the percentage yield of carrageenan
extracted from dried Kappaphycus sp. as shown
in Figure 5. Carrageenan yield from
Kappaphycus sp. varies depending on the drying
techniques employed. These yields demonstrate
variations attributed to the diverse drying
methods applied to Kappaphycus sp.
Carrageenan yield from Kappaphycus sp. treated
with oven dry at 100 °C were significantly lower
than other drying treatments. Meanwhile, oven
dry at 80 °C vyields higher carrageenan content

than others, followed by air dry, oven dry at 60
°C, sun dry, freeze dry, and oven dry at 100 °C.
High temperatures can cause rapid evaporation
of moisture from seaweed. This may cause oven
dry of Kappaphycus sp. at 100 °C yield low
carrageenan as excessive moisture loss can
hinder the extraction process and reduce
carrageenan yield (de Faria et al., 2014).

Alginate Yield

Different drying techniques influence the
alginate yield from Padina sp. as shown in
Figure 6. Significant differences in alginate yield
were observed by employing different drying
methods on Padina sp. The result shows freeze
— drying Padina sp. gives high yield of alginate
compared to other drying techniques. Freeze —
drying method involves freezing materials and
removing moisture through sublimation, which
help in reducing the potential for thermal
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degradation. As the result, this method helps
preserve the structure and functionality of
carrageenan molecules, potentially leading to
higher alginate yields. In contrast, oven dry at 80
°C gives low alginate yields as the heat applied
on Padina sp. can alter the structural properties
of alginate. The heat may denature the proteins
in alginate that affecting its gelling and
stabilising capabilities (Kelishomi et al., 2016).

CONCLUSION

In this study, different drying techniques on
Kappaphycus sp. and Padina sp. were used to
evaluate their phenolic and flavonoid content.
The moisture content of seaweeds decreased
along with the increase of temperature. Any type
of processing and techniques applied such as
high drying temperatures and extended drying
may alter and lower certain phenol compounds
in it (Li et al., 2006). Moreover, in the least
presence of moisture, all plant cell components
adhere to another and potentially make the
extraction difficult, resulting in lower total
phenolic content. The results from this study
showed that different drying techniques affect
TPC and TFC indicating that they differ
depending on the drying conditions. The
moderate temperature (60°C) and short drying
period (6 hours) used in this process, shows the
least affected total phenolic content. High
temperature used to both seaweeds has led to a
decrease of TPC. Sun-dried samples had the
lowest levels of phenolic content. This is due to
the longer drying duration (4 to 5 days in direct
sunshine) and dehydration throughout the drying
process, the phenolic content in the drying
technique was impacted. This experimental data
suggests the suitability of air drying as the best
drying method for seaweed to preserve phenolic
and flavonoid. Oven drying (80°C) is the best
drying method applied on Kappaphycus sp. to
conserve the carrageenan content. While for
Padina sp., freeze drying is the beat drying
method for high yield of alginate.
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ABSTRACT

Oryza sativa L. or commonly known as rice belongs to the family of Poaceae. In Malaysia, rice is normally
cultivated either as lowland or upland rice. Sarawak is a state with diverse types of rice. All Sarawak rice are
landraces. Despite the fact that Sarawak is rich in rice biodiversity, the assessment of the morphological traits
which may provide basic information that is useful for the future breeding programs is still unavailable. The
nomenclature of the landraces is based on the name given by the farmers. Problems arise when landraces having
the same morphological characteristics were given different names and vice versa. In addition, the purity of seeds
is unreliable. Common practices by the local farmers such as planting different rice landraces in the same field
either in one plot or in different plots but very near to each other has contributed to the impurity of the seeds. The
present study was undertaken with the objective to characterise the morphological traits of 22 lowland and 22
upland rice accessions from the North-Western region of Sarawak. The morphological traits observed on the 44
rice accessions viz., blade colour, ligule shape, ligule colour, auricle colour, heading days, flowering days, panicle
type, culm length, panicle number, number of filled grain, seed length and grain colour exhibited variations. There
are variations which may be considered in future Sarawak rice breeding programs.
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INTRODUCTION Sarawak is the country’s fifth largest rice

producing state, after Kedah, Perak,

Rice being the staple food of Malaysian is
the country’s most important crop. Food
and Agriculture Organization reported that
rice production in Malaysia for the year
2019 was 2.8 million tonnes, 3.6% more
than the average rice production from the
year 2014 to 2018 (Food and Agriculture
Organization of the United Nations, 2019).
Although the production shows an
increasing trend, with the growing number
of residents in Malaysia annually, the
production of rice in the country is still
considered insufficient to meet domestic
demands. Malaysia still relies on the
neighbouring countries such as Vietnam,
Thailand, and Pakistan for importing rice
(Khazanah Research Institute, 2019).

Kelantan and Perlis with 134, 260 ha of
land planted with lowland and upland rice
(Masni & Wasli, 2019). Rice is
economically, socially and culturally
important in Sarawak. There are two types
of rice planted in Sarawak; lowland rice,
which is grown in field that is either rain-
fed or irrigated; and upland rice, which is
grown in an area naturally well-drained
without surface water accumulation
(International Rice Research Institute
[IRRI], n.d.). The state is very rich in the
diversity of rice (Yeo et al., 2018). For
example, Sarawak rice has different
resistance towards Pyricularia oryzae (Lali
etal., 2019; Yeo et al., 2024) and may have
different defence mechanisms against
Scirpophaga incertulas (Cheok et al., 2019;
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Hamsein et al., 2020; Ling et al., 2020), and
different toxicity response to antifungal
nanoparticles (Tang et al., 2023), which are
potential genetic resources for rice
breeding.

Department of Agriculture, Sarawak has
declared a total of 2011 rice accessions are
currently deposited in the gene bank of
Agriculture Research Centre (including
imported accessions) (Department of
Agriculture Sarawak, 2020). Sarawak rice
accessions should be considered as
landraces. The nomenclature of the
landraces is based on the name given by the
farmers.  There is problem  with
identification when landraces having the
same morphological characteristics were
given different names or vice versa. The
purity of farmer’s seed is also unreliable
because of the common practice of planting
different rice landraces in the same field
either in one plot or in different plots but
very near to each other (Yeo et al., 2018).

Despite the fact that Sarawak is rich in
rice Dbiodiversity, the morphological
characteristics of each Sarawak rice
landrace are unclear. Thus far, no report is
available describing the morphological
characteristics of the Sarawak rice
landraces. The information on
morphological trait is useful for rice
breeders in selecting parents of specific
traits for breeding programs. Therefore, the
objective of this study was to characterise
the morphological traits of Sarawak rice
landraces collected from the northwest
region of Sarawak.

In order to allow unique individuals from
each rice landrace collection (heterogenous
population) to be assessed, Simple Sequence
Repeats (SSR) marker was used in this study
for genotyping and plant selection. SSR are
commonly used for fingerprinting and
effectively used for assessing the genetic
diversity among closely related rice cultivar
(Bhattarai et al., 2021) due to its ability to
reveal polymorphism even in closely related
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varieties (Spada et al., 2004). Four SSR
markers (RM1, RMZ279, RMA489 and
RM335) has been tested on 220 accessions.
Out from 220 accessions, 44 accessions
showed polymorphism.

MATERIALS AND METHODS

Collection and Pre-Selection of Rice
Landrace

A total of 22 rice landraces (11 lowland and
11 upland landraces) were collected from
different  localities across different
divisions in northwest region of Sarawak
(Supplementary Table 1). A total of 10 seeds
per landrace were germinated in different
batches (Supplementary Table 2) in distilled
water. Germinated seeds, were transplanted
into trays containing planting medium of
topsoil, compost and sand (3:2:1 ratio).
Each seedling was considered as different
accession (Total = 220 accessions). The
seedlings were then genotyped using
Simple Sequence Repeat (SSR) markers.

Young leaf samples, about 4-5 cm, were
collected from the 220 accessions.
Deoxyribonucleic  acid (DNA) was
extracted using Cetyltrimethylammonium
Bromide protocol by Doyle and Doyle
(1987). A total of 12 SSR markers were
randomly chosen from RiceGenes database
(www.gramene.org) representing the 12
chromosomes of rice. The 12 SSR markers
were tested on two randomly selected
accessions from different rice landrace.
Four SSR markers (Supplementary Table 3)
which showed polymorphisms were chosen
for genotyping the 220 accessions.
Polymerase Chain  Reaction (PCR)
amplification was performed by following
Zhu et al. (2012). After electrophoresis, the
agarose gel was stained with ethidium
bromide and visualized.

From the 10 seedlings of each landrace,
individuals with polymorphic genotype
based on the four SSR markers were chosen
for morphological characterisation without
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replication. For a landrace, with ten
seedlings having monomorphic genotype,
one individual was selected randomly. In
total, there were 44 accessions selected for
morphological characterisation (22
accessions for lowland and upland rice,
respectively).

The selected lowland rice accessions
were transplanted into pots (13 inches, 5
gallons). Each pot was filled three-quarters
full of soil mixture of topsoil, compost and
sand (3:2:1 ratio). For pots used for planting
lowland rice accessions, drainage holes were
drilled on two sides of a pot, about 8 cm
above the soil surface in the pot, to create a
constant water level. Pots for upland rice
accessions, had three drainage holes at the
bottom to drain excess water. Watering was
done once a day using tap water. The
nitrogen, phosphorus and potassium (NPK)
fertilizer (17.5:15.5:10) was used for
fertilization. Ten grams of fertilizer was
applied per pot per application. The first
fertiliser application took place at roughly
the same time with transplanting. The
second application took place about 30-40
days after the first application. The third
application took place during the flowering
stage. The experiment was performed from
October 2018 to June 2019, following the
main rice planting season in Sarawak.

Morphological Characterisation

A total of 14 traits were selected from the
International Rice Research Institute
guidelines (International Board for Plant
Genetic Resources & International Rice
Research  Institute  Rice  Advisory
Committee, 1980) and 8 additional traits
were added based on the observation of this
study (Total = 22 morphological traits).
Apart from observing morphological traits,
developmental traits such as heading days
(HD) and flowering days (FD) were studied
throughout the experiment. All recorded
characters, methods and criteria are shown in
Supplementary  Table 4. Thirteen
quantitative morphological traits were
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compared between lowland and upland rice
accessions. Student’s t-test was used to
analyse the data.

Cluster analysis was done based on nine
qualitative traits. Data matrices were
analysed using Paleontological Statistic
(PAST) software version 4.03 to construct a
dendrogram made up wusing Jaccard’s
coefficient, showing the relatedness between
the 44 rice accessions.

RESULTS
Pre-Screening of Rice Accessions

A total of 44 accessions out of 220
accessions were selected based on their SSR
marker genotype (Supplementary Table 5).
From the 44 accessions, there were 22
accessions of lowland rice designated as
UNIMAS-23 — UNIMAS-44 and 22
accessions of upland rice designated as
UNIMAS-01 — UNIMAS-22.

Morphological Characterisation of Rice
Accessions

A total of 22 traits were recorded for both
lowland and upland accessions. There were
nine qualitative and 13 quantitative traits
along with two observed developmental
traits (Supplementary Table 4).

Quialitative Traits.

Polymorphism was observed in seven of the
nine qualitative traits in the present study
(Table 1). The leaf blade colour (BC) showed
polymorphisms among the 44 accessions.
BC had three classes recorded viz. pale
green, green and dark green in both types of
rice accessions (Supplementary Figure 1).
From the observed 22 lowland rice
accessions, 12 accessions had pale green
BC, eight recorded dark green and only two
accessions (UNIMAS-32 and UNIMAS-41)
recorded green BC. For upland rice
accessions, four accessions were pale green,
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12 accessions were green and the remaining
accessions were dark green.

The ligule shape (LS) was polymorphic
for lowland rice accessions but was
monomorphic for upland rice accessions
where all the accession had acute to
acuminate LS. For lowland rice accessions,
there were two groups of LS recorded: acute
to acuminate and 2-cleft. Seventeen (78%)
of lowland rice accessions were recorded as
having acute to acuminate LS while five
accessions had 2-cleft LS (Supplementary
Figure 2).

The colour of ligule (LC) and auricles
(AC) of lowland rice accessions were
monomorphic. All of them had white
coloured ligule and auricle. The LC and AC
were polymorphic for upland rice
accessions. All the upland rice accessions
had white LC and AC, except for one
accession (UNIMAS-07) having purple
ligule and auricle (Supplementary Figure 2).

As for the panicle, the type of panicle
(PT) separated the lowland and upland rice
accessions into three different groups, viz.,
compact, intermediate and open PT
(Supplementary Figure 3). For lowland rice
accessions, a total of 12 accessions had
intermediate  PT,  three  accessions
(UNIMAS-31, UNIMAS-39 and UNIMAS-
42) showed an open PT and two accessions
(UNIMAS-37 and UNIMAS-38) with
compact PT. Five other accessions did not
produce any panicles during the period of
observation. A majority, 14 out from 22
(64%) accessions were having intermediate
PT and six accessions exhibited open PT.
Only one accession (UNIMAS-15) was
having compact PT. There was one upland
accession (UNIMAS-22) that did not
produce any panicles during the period of
observation.

Secondary branches (SB) in a panicle
were grouped into three types: absent, light
and heavy (Supplementary Figure 4) in both
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lowland and upland accessions. Among the
17 lowland rice accessions that flowered, SB
was absent in three accessions (UNIMAS-
23, UNIMAS-24 and UNIMAS-28), 12
accessions recorded light SB and the
remaining two accessions had heavy SB
(UNIMAS-27 and UNIMAS-37) (Table 1).
For the 21 upland rice accessions that
flowered, SB was found absent in eight
accessions. Another eight accessions were
having light SB and the remaining five
accessions (UNIMAS-07, UNIMAS-08,
UNIMAS-15, UNIMAS-17, and UNIMAS-
18) were having heavy SB (Table 1).

The seed shape (SS) varied, where
three classes were recorded among the rice
accessions that flowered: oblong, elliptic
and linear (Supplementary Figure 5 & 6).
Oblong and linear SS were recorded for the
17 flowered lowland rice accessions (Table
1), where 10 lowland rice accessions
produced seeds with linear SS and the
remaining seven lowland rice accessions had
oblong SS. For the 21 flowered upland rice
accessions, 20 had linear SS and one
accession had elliptic SS (Table 1).

Variation was also observed among the
flowered rice accessions in seed colour (SC).
The lowland rice accessions were grouped
into four categories of SC; (1) yellow, (2)
pale yellow, (3) blackish yellow and (4)
golden-brown husk colour (Supplementary
Figure 5 & 6). Ten out of 17 flowered lowland
rice accessions exhibited pale yellow SC;
four accessions with yellow SC, two
accessions had blackish yellow SC and one
accession with golden brown SC (Table 1).
On the other hand, the flowered upland rice
accessions  exhibited yellow, blackish
yellow and golden-brown husk SC. A
majority, 13 (62%) accessions were having
yellow SC. Five other accessions (24%)
were having blackish yellow SC and the
remaining three accessions (UNIMAS-12,
UNIMAS- 19 and UNIMAS-21) were
having golden brown SC (14%) (Table 1).



Zazevia et al. 2024

Characterising lowland and upland rice from Sarawak

127

Table 1. The characters of nine qualitative traits for the 44 rice accessions

Type Accession BC LS LC AC PT SB SS SC GC

UNIMAS-23 1 1 1 1 2 0 2 4 1
UNIMAS-24 3 1 1 1 2 0 2 2 4
UNIMAS-25 1 1 1 1 2 1 2 2 3
UNIMAS-26 1 1 1 1 2 1 2 2 4
UNIMAS-27 1 1 1 1 2 2 2 3 1
UNIMAS-28 1 1 1 1 2 0 4 2 3
UNIMAS-29 3 2 1 1 2 1 2 3 4
UNIMAS-30 1 2 1 1 2 1 4 1 1
UNIMAS-31 1 1 1 1 3 1 4 2 2

2 UNIMAS-32 2 2 1 1 2 1 4 1 2

< UNIMAS-33 1 2 1 1 N/A N/A N/A N/A N/A

= UNIMAS-34 1 1 1 1 N/A N/A N/A N/A N/A

S UNIMAS-35 3 1 1 1 2 1 4 2 2
UNIMAS-36 3 1 1 1 2 1 4 2 2
UNIMAS-37 3 1 1 1 1 2 2 2 2
UNIMAS-38 3 1 1 1 1 1 4 2 6
UNIMAS-39 3 1 1 1 3 1 4 2 2
UNIMAS-40 3 1 1 1 N/A N/A N/A N/A N/A
UNIMAS-41 2 1 1 1 N/A N/A N/A N/A N/A
UNIMAS-42 1 1 1 1 3 1 4 1 1
UNIMAS-43 1 2 1 1 2 1 4 1 1
UNIMAS-44 1 1 1 1 N/A N/A N/A N/A N/A
UNIMAS-01 3 1 1 1 2 0 4 1 1

2 UNIMAS-02 1 1 1 1 3 0 4 1 1

S UNIMAS-03 2 1 1 1 2 0 4 1 1

g UNIMAS-04 2 1 1 1 2 0 4 1 1
UNIMAS-05 2 1 1 1 2 0 4 1 1
UNIMAS-06 2 1 1 1 2 1 4 1 1
UNIMAS-07 2 1 3 2 2 2 4 1 3
UNIMAS-08 2 1 1 1 2 2 4 1 2
UNIMAS-09 2 1 1 1 2 1 4 1 1
UNIMAS-10 2 1 1 1 2 1 4 1 1
UNIMAS-11 3 1 1 1 2 1 4 1 2
UNIMAS-12 2 1 1 1 2 0 4 1 1
UNIMAS-13 2 1 1 1 2 1 4 1 2
UNIMAS-14 2 1 1 1 3 1 4 1 2
UNIMAS-15 1 1 1 1 1 2 4 1 1
UNIMAS-16 3 1 1 1 3 1 3 1 4
UNIMAS-17 1 1 1 1 3 2 4 1 1
UNIMAS-18 3 1 1 1 3 2 4 1 1
UNIMAS-19 1 1 1 1 3 1 4 4 1
UNIMAS-20 2 1 1 1 2 0 4 3 1
UNIMAS-21 3 1 1 1 2 0 4 4 1
UNIMAS-22 3 1 1 1 N/A N/A N/A N/A N/A

Note. N/A: Data Not Available. BC: Blade Colour (Scale: 1; Pale Green, 2; Green, 3; Dark Green, 4; Purple Tips, 5;
Purple Margins, 6; Purple Blotch ), LS: Ligule Shape (Scale: 1;Acute To Acuminate, 2; 2-Cleft, 3; Truncate), LC:
Ligule Colour (Scale: 1; White, 2; Purple Lines, 3; Purple), AC: Auricle Colour (Scale:1; White, Or 2; Purple, 3; Pale
Green), PT: Panicle Type (Scale: 1; Compact, 2; Intermediate, And 3; Open), SB: Secondary Branching (Scale: 0O;
Absent, 1; Light, 2; Heavy), SS: Seed Shape (Scale: 1; Round, 2; Oblong, 3; Elliptic, 4; Linear), SC: Seed Colour
(Scale: 1; Yellow, 2; Pale Yellow, 3; Blackish Yellow, 4; Golden Brown), GC: Grain Colour (Scale: 1; Milky White,

2; Reddish Brown, 3; Dark Brown, 4; Black, 5; Greenish White, 6; Light Reddish Brown)

Grain colour (GC) also showed high
polymorphism among the flowered rice
accessions. The 17 flowered lowland rice
accessions were grouped into five GC
groups: milky white, light reddish-brown,
reddish brown, dark brown, and black
(Supplementary Figure 5). Meanwhile, the 21
flowered upland rice accessions were
grouped into four different groups: milky
white, reddish-brown, dark brown and black
(Supplementary Figure 6).

Cluster analysis grouped the 44 rice
accessions into two main clusters based on
the similarity index (Figure 1). The first
cluster consisted of 27 rice accessions and
the second cluster consisted of 17 rice
accessions (Table 2). Among the nine
qualitative traits used for PAST analysis, SB
seemed to be the main character which
separated the 44 rice accessions into two
clusters. The cluster with 27 accessions was
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mainly consists of accessions with light
(scale: 1) and heavy (scale: 2) SB. The other
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cluster consists of mostly accessions having
absent (scale: 0) of SB.

Table 2. Clustering of 44 rice accessions based on nine qualitative traits using Jaccard’s coefficient

Cluster

Number of .
. Accession
Accessions

UNIMAS-42-SRI/L, UNIMAS-39-SAMA/L, UNIMAS-38-SAMA/L, UNIMAS-37-SAMAIL,
UNIMAS-36-SAMA/L, UNIMAS-35-SAMA/L, UNIMAS-32-SAMA/L, UNIMAS-31-
SAMA/L, UNIMAS-30-SAMA/L, UNIMAS-29-SRI/L, UNIMAS-27-KCH/L, UNIMAS-25-
KCHI/L, UNIMAS-19-SRI/U, UNIMAS-18-SRI/U, UNIMAS-17-SRI/U, UNIMAS-16-SRI/U,
UNIMAS-15-SRI/U, UNIMAS-13-KCH/U, UNIMAS-06-KCH/U, UNIMAS-07-KCH/U,
UNIMAS-08-KCH/U, UNIMAS-09-KCH/U, UNIMAS-10-KCH/U, UNIMAS-11-KCH/U,
UNIMAS-14-KCH/U, UNIMAS-26-KCH/U, UNIMAS-42-SRI/L

27

UNIMAS-40-KCH/L, UNIMAS-21-SRI/U, UNIMAS-12-KCH/U, UNIMAS-05-KCH/U,
UNIMAS-04-KCH/U, UNIMAS-03-SER/U, UNIMAS-02-SER/U, UNIMAS-01-SER/U,
UNIMAS-20-SRI/U, UNIMAS-22-KCH/U, UNIMAS-08-KCH/U, UNIMAS-23-SER/L,
UNIMAS-24-KCH/U , UNIMAS-28-SR1/L, UNIMAS-33-SR1/L, UNIMAS-34-SR1/L,
UNIMAS-41-KCH/L, UNIMAS-44-SR1/L,

17

Note. The accession number followed by an abbreviation indicating the division where seeds were collected and either
it is lowland or upland rice accession. SRI: Sri Aman, SAMA: Kota Samarahan, KCH: Kuching, SER: Serian, /L:
lowland rice accession, /U: upland rice accession
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Figure 1. Dendrogram made up using Jaccard’s coefficient of 44 rice accessions of lowland and upland rice from
different divisions of the North-Western Region of Sarawak. Note. Purple: Sri Aman, Maroon: Kota Samarahan,
Black: Kuching, Light Blue: Serian. Accession number followed by “/L” indicates lowland rice accession, “/U”
indicates upland rice accession.

Quantitative Traits. While among upland rice accessions, the SH
ranged from 41.1 cm (UNIMAS-16) to 54.5
cm (UNIMAS-08) (Table 4). There was no
significant difference in SH between

lowland and upland rice accessions (Table 5).

A total of 15 quantitative morphological
traits of the 44 rice accessions are furnished
in Table 3 and Table 4.

Plant height at five leaves stage or
seedling height (SH) of lowland rice
accessions (Table 3) ranged from 38.8 cm
(UNIMAS-33) to 54.5 cm (UNIMAS-29).

At the mature stage, the plant height (PH)
of lowland rice accessions (Table 3) ranged
from 153.4 cm (UNIMAS-26) to 225.3 cm
(UNIMAS-34). For upland rice accessions,
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PH ranged from 90.9 cm (UNIMAS-09) to
201.2 cm (UNIMAS-07) (Table 4). In
average, the lowland rice accessions were
significantly taller than those upland rice
accessions (Table 5).

Culm length (CL) for lowland rice
accessions (Table 3) was ranging from 81.5
cm (UNIMAS-26) to 143.4 cm (UNIMAS-
34). For upland rice accessions, the CL
ranged from 40.7 cm (UNIMAS-02) to
115.7 cm (UNIMAS-22) (Table 4). The CL
of lowland rice accessions was statistically
longer than those of upland rice accessions
(Table 5).

Culm diameter (CD) for lowland rice
accessions (Table 3) ranged from 3.0 cm
(UNIMAS-27, UNIMAS-37, UNIMAS-39,
and UNIMAS-43) to 3.6 cm (UNIMAS-41).
Among upland rice accessions, the mean of
CD was 3.21 cm, ranging from 2.7 cm
(UNIMAS-17) to 4.1 cm (UNIMAS-19)
(Table 4). No significant difference was
observed for CD between lowland and
upland rice accessions (Table 5).

The leaf length (LL) observed among the
lowland rice accessions ranged from 51.0 cm
(UNIMAS-32) to 80.50 cm (UNIMAS-35)
(Table 3), while 42.3 cm (UNIMAS-02) to
72.0 cm (UNIMAS-19) for upland rice
accessions (Table 4). The LL was similar
between the lowland and upland rice
accessions (Table 5).

The leaf width (LW) for lowland rice
accessions ranged from 1.1 cm (UNIMAS-
25 and UNIMAS-44) to 2.2 cm (UNIMAS-
31) (Table 3). With an average LW of 1.64
cm, lowland rice accessions had narrower
LW as compared to those upland rice
accessions (Table 5). The wupland rice
accessions had LW ranging from 1.4 cm
(UNIMAS-04) to 2.1 cm (UNIMAS-03),
with a mean of 1.79 cm (Table 4).

The number of panicles (NP) among the
lowland rice accessions ranged from one
(UNIMAS-25, UNIMAS-26, UNIMAS-28
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and UNIMAS-41) to ten panicles per plant
(Table 3), while NP among the upland
accessions ranged from one (UNIMAS-20)
to seven (UNIMAS-04 and UNIMAS-06)
panicles per plant (Table 4). There was no
significant difference in NP between the
lowland and upland rice accessions (Table 5).

The mean length of panicle (LP) of
lowland rice accessions (Table 3) was 29.23
cm, ranged from 24.5 cm (UNIMAS-25) to
35.6 cm (UNIMAS-23), similar to the LP of
upland rice accessions averaged at 28.82 cm,
ranging from 23.9 cm (UNIMAS-20) to 39.8
cm (UNIMAS-14) (Table 4 & 5).

The number of filled grains (NFG) per
accession in lowland rice accessions, ranged
from 84 grains (UNIMAS-42) to 1091 grains
(UNIMAS-32) (Table 3). At an average of
443 grains per accession, the NFG of
lowland rice accessions was similar to the
NFG of upland rice accessions (Table 5),
which ranged from 63 (UNIMAS-05) to 990
(UNIMAS-15) grains (Table 4).

The seed length (SL) ranged from 0.7 cm
to 1.1 cm and 0.7 cm to 1.0 cm among
lowland (Table 3) and upland rice accessions
(Table 4 respectively. Seed width (SW)
among the lowland rice accessions ranged
from 0.2 cm to 0.4 cm (Table 3) and 0.2 cm
to 0.3 cm for upland rice accessions (Table
4). The SL and SW did not show a
significant difference between the lowland
and upland rice accessions (Table 5).

The grain length (GL) among the lowland
rice accessions had an average of 0.6 cm,
ranging from 0.5 cm to 0.8 cm (Table 3).
Among the upland rice accessions, the GL
ranged from 0.6 cm to 0.9 cm (Table 4). For
grain width (GW), the lowland rice
accessions had an average of 0.19 cm,
ranging from 0.2 cm to 0.3 cm (Table 3). The
GW of upland rice accessions ranged from
0.15cmto 0.2 cm (Table 4). The lowland rice
accessions had shorter GL but wider GW
than those of upland rice accessions (Table
5).
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Table 3. The 13 quantitative traits and two development traits observed on 22 lowland rice accessions
Acc. SH_PH LL LW CL CD NP LP NFG SL SW GL GW HD  FD
em) (m) (m) (m) (cm) (cm) (cm) m) (ecm) (cm) (cm) (days) (days)

DMIMAS: 514 1682 532 15 1135 35 3 356 30 10 03 05 02 125 154
o MAST 446 1723 575 13 1166 35 2 252 300 09 02 07 02 134 158
IMAS" 403 1726 628 11 1083 32 1 245 250 07 03 06 02 134 158
AIMAST 470 1534 714 12 815 35 1 264 200 08 03 06 02 134 158
SMMAS: 468 1740 709 16 1015 30 2 301 159 08 03 05 02 119 145
Sa VAST 443 1992 685 21 1309 31 1 327 120 09 02 06 02 114 147
S MAST 545 1875 748 19 1146 34 6 283 660 10 04 06 02 130 159
oo VAS 501 1651 752 21 894 32 5 299 391 10 03 07 02 119 143
glN'MAS' 489 1736 541 22 1216 34 8 246 690 11 02 07 02 112 140
o MAS 457 1744 510 18 1205 32 10 275 1091 10 02 07 02 113 138
o MAS agg 2100 781 17 1328 32 NA NA NA NA NA NA NA NA NA
o AS 424 2253 803 16 1434 33 NA NA NA NA NA NA NA NA NA
S MAS 472 1760 805 18 9450 31 2 326 118 10 03 07 02 103 138
s MAS 408 1894 714 17 1180 32 2 345 274 10 03 08 02 89 117
o MAS 465 1801 593 15 1192 30 5 314 1055 08 03 06 03 8 115
o VA 433 1752 607 21 1167 32 3 303 493 08 03 06 03 8 116
oo VAS 395 1708 658 19 1032 30 2 282 69% 09 03 06 02 89 118
o VMAS 402 1643 555 15 1110 34 NA NA NA NA NA NA NA NA  NA
SMAST 434 1505 570 17 1052 36 NA NA NA NA NA NA NA NA  NA
MAST 460 1701 721 13 9940 31 2 255 84 08 02 06 02 120 151
g MAS 482 1730 707 13 1061 30 7 206 630 09 02 06 02 111 13
SMAST 498 1790 694 11 1075 33 NA NA NA NA NA NA NA NA NA

Note. Acc. indicates accession, N/A indicates data not available. SH: Seedling Height in centimetre, PH: Plant

Height in centimetre, LL: Leaf Length in centimetre, LW: Leaf Width in centimetre, CL: Culm Length in
centimetre, CD: Culm Diameter in centimetre, HD: Heading Days, FD: Flowering Days, NP: Number of

Panicles, LP: Length of Panicle in Centimetre, NFG: Number of Filled Grains, SL: Seed Length, SW: Seed

Width, GL: Grain Length, GW: Grain Width

Table 4. The 13 quantitative traits and two development traits observed on 22 upland rice accessions

Acc, SH PH LL LW CL GCD NP LP NFG SL SW GL GW HD FD
(cm) (cm) (cm) (cm) (cm)  (cm) (cm) (cm) (cm) (cm) (cm) (days) (days)
ONMAS 463 1273 541 18 657 32 5 335 206 10 02 07 02 124 151
OUMAST 501 1547 423 19 1008 33 4 303 477 09 02 07 02 1% 153
oaMAS 471 1304 678 21 889 31 5 245 407 08 02 06 02 112 140
OVIMAS 451 1710 691 14 92 30 7 257 520 10 02 07 02 106 128
MAST 449 1721 701 18 901 29 3 267 63 10 02 07 02 103 132
UNIMAS- 432 1601 651 19 991 28 7 258 788 09 02 07 02 107 141
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Acc. SH PH LL LW CL CD
(cm) (cm) (cm) (cm) (cm) (cm)

NP

LP NFG SL SW GL GW HD FD
(cm) (cm) (ecm) (cm) (cm) (days) (days)

(L)’7N'MAS' 449 2012 691 20 891 29
ggN'MAS 545 1856 582 18 1007 33
(L)JQNIMAS 461 909 567 19 88.9 3.2
DNIMAS 491 1499 574 17 85 34
DUMAS 472 1504 581 17 921 34
DMMAS 481 1509 587 15 871 31
?BN'MAS 461 1501 605 18 991 32
DVMAS 491 1635 634 18 1021 33
DMMAST 431 1603 659 17 950 32
DVMAST 411 1673 700 19 808 29
;J?N'MAS 446 1478 610 18 764 27
DNMAST 461 1309 702 19 407 31
DVIMAS 453 1209 720 17 645 4l
so MAST 457 1967 653 17 910 29
DNMAS: 492 1385 605 17 569 37
DVMAS: 494 1752 640 18 1157 38

1

3

N/A

298 785 0.8 0.3 0.6 0.2 112 145

279 627 0.9 0.2 0.8 0.2 112 142

33.3 518 0.7 0.2 0.6 0.2 114 143

321 413 0.9 0.2 0.8 0.2 102 127

346 673 0.8 0.2 0.7 0.2 103 128

24.7 158 0.8 0.2 0.6 0.2 126 146

30.2 620 0.9 0.2 0.6 0.2 104 130

39.8 710 0.8 0.2 0.6 0.2 99 129

28.8 990 0.9 0.2 0.7 0.15 104 127

26.3 687 0.9 0.2 0.7 0.2 101 131

279 865 1.0 0.2 0.6 0.2 107 137

254 723 09 0.2 0.9 0.2 94 128

299 466 09 0.2 0.7 0.2 107 132

239 120 09 0.3 0.7 0.2 103 140

242 256 08 0.3 0.6 0.2 111 147

N/A- N/A  NA NA NA NA N/A N/A

Note. Acc. indicates accession, N/A indicates data not available. SH: Seedling Height in centimetre, PH: Plant
Height in centimetre, LL: Leaf Length in centimetre, LW: Leaf Width in centimetre, CL: Culm Length in
centimetre, CD: Culm Diameter in centimetre, HD: Heading Days, FD: Flowering Days, NP: Number of
Panicles, LP: Length of Panicle in Centimetre, NFG: Number of Filled Grains, SL: Seed Length, SW: Seed

Width, GL: Grain Length, GW: Grain Width

Table 5. Comparison of 13 quantitative morphological traits between lowland and upland rice accessions. The

values indicate the mean + standard error

Traits Lowland Upland

SH (cm) 45.44 + 0.885 46.65 + 0.614
*PH (cm) 177.86 + 3.480 150.35 + 6.160
LL (cm) 66.37 + 1.950 65.61 + 1.958
*LW (cm) 1.64 +0.071 1.79 +0.032
*CL (cm) 111.61 + 3.046 87.00 + 3.725
CD (cm) 3.25+0.039 3.21£0.072
NP 3.71 £0.652 3.81+0.321

LP (cm) 29.2294 + 0.82657 28.8238 + 0.89602
NFG 443.00 £76.376 530.57 £55.373
SL (cm) 0.90 £ 0.026 0.87 +0.017
SW (cm) 0.26 £ 0.010 0.21 +0.007
*GL (cm) 0.62 £0.019 0.72 + 0.004
*GW (cm) 0.22 £ 0.005 0.19 £ 0.002

Note. Asterisk (*) indicates significant difference at p<0.05 (t-test). SH: Seedling Height, PH: Plant Height, LL:
Leaf Length, LW: Leaf Width, CL: Culm Length, CD: Culm Diameter, NP: Number of Panicles, LP: Length of
Panicles, NFG: Number of Filled Grains, SL: Seed Length, SW: Seed Width, GL: Grain Length, GW: Grain Width

For the developmental traits, the heading
days (HD) of the lowland rice accessions
ranged from 83 (UNIMAS-38) to 134 days
(UNIMAS-24, UNIMAS-25 and UNIMAS-

26) (Table 3), while the HD of upland rice
accessions ranged from 94 days (UNIMAS-
18) to 126 days (UNIMAS-02 and
UNIMAS-12) (Table 4). The flowering days
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(FD) of lowland rice accessions took around
115 days (UNIMAS-37) to 159 days
(UNIMAS-29) (Table 3) and upland rice
accessions recorded 127 days (UNIMAS-10
and UNIMAS-15) to 153 days (UNIMAS-
02) of FD (Table 4).

DISCUSSION

Qualitative Traits as Morphological
Marker

All qualitative traits observed in this study
showed variations. Qualitative traits are
considered morphological markers for the
identification of rice landraces (Sinha &
Mishra, 2013).

In the present study, it was observed that
the leaf blade of lowland and upland rice
accessions was grouped into three different
classes of blade colour (BC) (Supplementary
Figure 1). This trait is not reliable as a marker
due to its dependence on environmental
conditions. For example, the degree of the
greenness observed on the leaf could be
influenced by fertilizer applications, i.e. the
nitrogen content of the leaf (Singh et al.,
2002; Yang et al., 2015). Based on Leaf
Colour Chart, pale green BC indicates
nitrogen deficiency. Green BC indicates an
elevated dose of nitrogenous fertilization.
High nitrogenous content results in dark
green BC (Bhupenchandra et al., 2021). The
BC of this study may suggest there are
variations in soil nitrogenous content even
though same soil mixture was used and equal
amount of fertilizers was applied. Another
possibility to allow such colour variation
would be genetic factor. According to Li et
al. (2002), the colour of leaves is determined
by the presence and concentration of
pigments such as chlorophyll (green),
carotenoids (yellow and orange), and
anthocyanins (red and purple). The rice
accessions of this study may have different
concentrations of the different pigments,
which results in colour variations.
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Ligule is present in all the rice accessions in
this study (Supplementary Figure 2). The
morphology of ligule is important in the
identification of grass species (de la Fuente &
Ortunez, 2001; Rzanny et al., 2022). However,
this trait may be insufficient for the identification
of varieties of the same species. In this study,
there were two ligule shapes (LS) observed for
lowland rice accessions and only one for upland
rice accessions. Based on the 44 rice accessions,
LS may serve as one of the morphological
markers to differentiate rice accessions, but not
possible to differentiate between lowland and
upland rice. The ligule colour may also serve as
a morphological marker. There was one upland
rice accession, UNIMAS-07 (Supplementary
Figure 2), having purple ligule and auricle. The
environmental dependency of this trait is
unknown.

Seed shape (SS) is useful in identifying
rice hybrids and is also valuable in the seed
certification process to control seed
standards (Kalaichelvan, 2009; Misra et al.,
2023). Among the rice accessions in this
study, they can be differentiated based on
three SS: oblong, elliptic and linear
(Supplementary Figure 5 & 6). Based on SS,
this study speculates there is a presence of
the sub-species tropical japonica (javanica)
and indica among the 44 accessions. Rice
accessions that have oblong or elliptic SS
may be javanica rice. Those rice accessions
with linear SS should be indica rice. This is
based on the description available on the
website of International Rice Research
Institute
(http://www.knowledgebank.irri.org/ericepr
oduction/0.5_Rice_races.htm).

Grain colour (GC) is a heritable character
and has been used to categorise rice varieties
(Maeda et al., 2014; Zhao et al., 2022). In
the present study, the GC of the rice
accessions were mostly milky white,
followed by reddish-brown, black, dark
brown and light brown. Pigmented rice may
contain ~ phenolic  compounds  and
anthocyanin. It has been consumed as
functional rice, as anthocyanin has been
recognized as compound with health
benefits due to its antioxidant activity,
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anticancer, hypoglycemia and its anti-
inflammatory effects (Maulani et al., 2018).
GC is another morphological marker that is
environmentally dependent. For example,
grain discolouration due to disease may
affect colour interpretation (Baite et al.,
2020).

Cluster analysis based on nine qualitative
traits has grouped the 44 rice accessions into
two big clusters. Cluster |1 had a higher
number of rice accessions compared to
Cluster Il. Cluster analysis revealed that
there was no clustering according to seed
origin (division), nor according to lowland
or upland rice. The clustering was mainly
based on secondary branching (SB) of the
panicle. The rice accessions in Cluster | had
light and heavy SB, which is of interest for
yield breeding (refer to the discussion in the
next section). The nine qualitative traits may
not be sufficient to depict the rice accessions
of one cluster are more genetically related
nor genetically diverse from the accessions
in the other clusters (Tejaswini et al., 2016).

According to Yeo et al. (2018), the
registrations of a variety based on the name
given by the farmers are unreliable. There is
a possibility for a variety with a similar
name, having different morphological
characteristics. To support that, upland
accessions UNIMAS-06 and UNIMAS-07
were clustered into a different group from
UNIMAS-22 despite having the same name
(Padi Merijat). Cultural practice by the local
farmers where the rice seeds were inherited,
transferred or exchanged between farmers
might attribute to the diversity.

Direct and Indirect Yield Traits

According to IRRI (2002), plant height (PH)
is divided into short (< 110 cm), medium
(110 cm-130 cm) and tall (> 130 cm). Most
of the rice accessions (41 accessions) in this
study are considered tall. Only upland rice
accession UNIMAS-09 is short (91 cm).
Another two upland rice accessions, namely
UNIMAS-01 (127.3 cm) and UNIMAS-19
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(120.9 cm), are medium in height. In
average, the lowland rice accessions of this
study were taller than upland rice accessions
(Table 5). Based on the plant height dynamic
model of Wu et al. (2022), the lowland rice
accessions in this study may have a higher
risk of lodging compared to upland rice
accession. Moreover, the culm lengths of
lowland accessions were statistically longer
than upland accessions in the present study.
Lodging will reduce yield (Sunian et al.,
2017).

The leaf length (LL) is known to vary
between rice genotypes (Mehla & Kumar,
2008). All rice accessions in this study have
long leaves based on IRRI (2002) except for
upland rice accession UNIMAS-02, which
has medium LL. Long leaves may not be
preferable as compared to short leaves which
will be more erect. Short leaves are
uniformly  distributed throughout the
canopy, therefore mutual shading is reduced,
and light is used more efficiently, thus
contributing to yield (Tillier et al., 2023).
Based on leaf width (LW), the rice
accessions in this study are considered as
having medium LW, except UNIMAS-28,
UNIMAS-30, UNIMAS-31, UNIMAS-38
and UNIMAS-03 which have broad LW.
Broad LW may not be preferable. A
previous study suggested that narrower
leaves are more beneficial under hot, dry and
high-light habitats due to the ability to
increase leaf heat exchange, avoid leaf
damage and maintain leaf water content
(Kang et al., 2021).

The rice accessions in this study had
flowering time ranging from 115 to 159
days. According to the agronomy guide of
IRRI (2015), the rice accessions in this study
are most likely to have long crop duration,
where from planting to harvest can take up
to 160 days or longer. For lowland rice
which has a long crop duration, it is
recommended to be planted in irrigated or
flood-prone fields (IRRI, 2015). The
lowland rice accessions of this study were
collected from farmers planting in rain-fed
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field. Their production may be improved if
planted in irrigated or flood-prone field.

There are five lowland rice accessions
and one upland rice accession of this study
that did not flower during the observation
period. Many factors affect the flowering
phase of rice. One of it is being photoperiod.
Some Sarawak rice landraces, such as Biris
and Bali are known to be photoperiod
sensitive (Teo n.d; Saidon et al., 2017). This
may be true for these six rice accessions in
this study. These six rice accessions were
germinated on the 30 November 2018.
Seven other lowland rice accessions and two
upland rice accessions which were
germinated on the same date, however,
manage to produce inflorescences. In future
characterisation, all accessions should be
germinated and transplanted at the same
time.

The number of panicles (NP) observed in
this study, at most, was up to 10 panicles per
plant. The NP with filled grain is a key
indicator of rice yield (Efisue et al., 2014).
To support this, UNIMAS-32 and
UNIMAS-06 of lowland and upland
accessions, respectively, had higher NP,
produced higher number of filled grains
(NFG) (observation without statistical
evidence). These results suggest that
UNIMAS-32 and UNIMAS-06 can be
considered for Sarawak rice breeding
program to increase rice production.

Beside NP, panicle type (PT) and
secondary branching (SB) were also
observed (Supplementary Figure 3 & 4). PT of
rice is referring to the mode of branching, the
angle of the primary branches and the
spikelet density (IRRI, 2002). Among the
rice accessions in this study, three PT were
observed, ie. compact panicles,
intermediate-type of panicles and open
panicles (Supplementary Figure 3). Only three
rice accessions had compact PT. Breeders
usually selectively breed for compact PT to
increase yield (Kalaichelvan, 2009). For SB,
it is mainly regulated by the number of

Characterising lowland and upland rice from Sarawak 134

primary and secondary branches, which
directly influences the total grain number
(Agata et al., 2020). The stronger the
branching pattern, the higher the yield. In
this study, it is observed that the NFG was
lower for those rice accessions, which have
light SB or absent (observation without
statistical evidence).

Among the rice accessions in this study,
only lowland rice accession UNIMAS-37
and upland rice accession UNIMAS-15 were
observed to have compact PT with heavy
secondary branching. Unfortunately, these
two accessions have low NP. They also have
higher lodging risk (Wu et al., 2022) as their
height can reach up to 180 cm and 169 cm,
respectively. Lowland rice accession
UNIMAS-32 and upland rice accession
UNIMAS-06 have high NP but have
intermediate PT and light SB. Using these
accessions for breeding may require multi-
parent crossing to stack the desired NP, PT
and SB characters.

Grain size and shape are among the
quality criteria being considered in
developing rice varieties for commercial
production (Custodio et al., 2019).
Statistically, lowland rice accessions had
shorter grain length and wider grain width
compared to upland rice accessions (Table
5). However, according to the classification
of ChePa et al. (2016) on Malaysian rice, all
the observed accessions were having long to
extra-long grains, ranging from 0.6-0.9 cm,
except UNIMAS-23 (0.5 cm). Grains width
(GW) observed in this study showed a range
of 0.15cm to 0.3 cm.

Based on grain size and seed shape as
pointed out above, this study suggests that
the rice accessions of this study may consists
of indica and javanica rice. The grain
length-width ratio for indica rice is usually
above 2.2. For japonica rice, it falls below
2.01 (Rahman et al.,, 2020). Most rice
accessions in this student have length-width
ratio of indica rice. There are two
accessions, UNIMAS-37 and UNIMAS-38,
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which has a length-width ratio of japonica
rice (approximately 2.0), further supporting
the speculation based on seed shape.

There were variations in terms of grain
shape recorded in this study. The Malaysian
consumers mostly preferred rice having long
shape (Ahmad Hanis et al., 2012). The rice
accessions in this study, which has long
shape characteristics, can be considered for
Sarawak rice breeding program to achieve
rice grain quality that meets customer
preferences. Breeding programs need to
engage with farmers through participatory
approaches to better understand their
preferences. Collaborative efforts between
farmers, researchers, extension services, and
consumers, help to ensure that newly
developed rice varieties are aligned with the
local needs and preferences.

CONCLUSION

In conclusion, a good variety of rice should
be a well-balanced combination of high
yield, quality and adaptability to different or
targeted environments. The development
and adoption of such varieties contribute to
food security, economic viability for
farmers, and the overall sustainability of rice
production systems. Continuous
collaboration between researchers, farmers,
and other stakeholders is crucial for the
successful development and dissemination
of improved rice varieties.

The 44 rice accessions of lowland and
upland rice collected from the North-
Western  region of Sarawak were
successfully characterised based on their
morphological traits. The morphological
traits showed variations which may be useful
for future rice breeding programs.
Morphological markers are very important
and all breeders are continuously looking for
these markers that will enable them to
characterise the plant materials for diversity
study and to perform marker assisted
selection. The current rice accessions
showed a wide range of variability for the
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characters evaluated, which may be
attributed to the diverse genetic background
of the rice accessions. These variations could
be the genetic resources for future breeding
programs.
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ABSTRACT

The study of medicinal plants has gained significant interest among researchers because of their potential for
therapeutic purposes and the production of natural drugs. In Sarawak, Cassia alata is one of the native plants used
for medicinal purposes, such as treatment for constipation, ringworm, and other skin diseases. This study
determined the yield of extraction, total phenolic content (TPC), and total flavonoid content (TFC) of the leaf,
stem, and root of C. alata using various extraction methods and solvent extractions. The extractions were
performed using soxhlet extraction (SE) and ultrasonic-assisted extraction (UAE) with ethanol and chloroform.
Among all, the extract obtained from SE with ethanol solvent (SE-EtOH) showed the highest yield in all plant
parts (leaf: 28.62 %, stem: 10.06 %, and root: 9.79 %). Meanwhile, the TPC and TFC estimated using the Folin-
Ciocalteu phenol reagent and aluminium chloride colorimetric assay methods showed that the highest TPC and
TFC were from the leaf extract obtained using UAE and chloroform (UAE-Chlo-L) with a TPC value of 117.436
mg GAE/g DW and a TFC value of 568.778 mg QE/g DW, respectively. Overall, the findings demonstrated that
chloroform was an effective solvent system for all plant parts on the TPC and TFC, with the leaf part containing
the greatest value, and that ultrasonic-assisted extraction was the best approach. This exploration is beneficial for
the determination of methods that produce optimum yield, phenolic, and flavonoid content in C. alata’s species.

Keywords: Cassia alata, TPC, TFC, solvent system, soxhlet extraction, ultrasonic assisted extraction
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INTRODUCTION antimicrobial, antioxidant and anti-
inflammatory activity.

Plants possess a wide range of organic

substances that are classified as primary and
secondary metabolites. Primary metabolites
such as phytosterols, acyl lipids, nucleotides,
amino acids, and organic acids are fundamental
for photosynthesis, reproduction, respiration,
growth, and development (Wang et al., 2022).
Secondary metabolites are molecules that help
plants interact with their surroundings (Adedeji
& Babalola, 2020). Phenolics, flavonoids,
alkaloids, terpenes, saponins, lipids and
carbohydrates are the classes of secondary
metabolites (Hussein & El-Anssary, 2019). The
determination of secondary metabolites in plant
extracts is important as it helps in supporting the
development of modern medicines and
supplements. According to Rahman et al.,
(2022), the determination of total phenolic
content (TPC) and total flavonoid content (TFC)
are significant parameters to evaluate the
potential health benefits of plant extracts such as

Phenolics are secondary plant metabolites
with over 8000 structures, including lignans,
tannins, phenolic acids, stilbenes, and
flavonoids. They are commonly found in plant
tissues such as in fruits, seeds, leaves, stems and
roots. These phenolics are associated with
various health benefits, such as anti-ageing
(Dhalaria et al., 2020), anti-proliferative
activities, anti-inflammatory and antioxidant
properties (Cianciosi et al., 2018; Cardoso et al.,
2020). The flavonoid, on the other hand, is a
member of a group of polyphenolic-structured
secondary plant metabolites. It has a wide range
of biological effects, including hepatoprotective,
anti-inflammatory  (Jiang et al., 2019),
antibacterial, antioxidant (Li et al., 2019), and
anti-hyperlipidemic effects (Bencheikh et al.,
2021).

Cassia alata, also called Senna alata, is one



Scholastica & Samuel 2024

of the native plants in the Leguminosae family
with many medicinal uses. Its local name in
Malaysia is “pokok gelenggang” (Mat Jusoh et
al., 2023). In the Sarawak community, the leaves
of C. alata have been used to treat constipation,
ringworm, and other skin diseases by decoction
and pounding (Bakar et al., 2023). Meanwhile,
in Indonesia, the roots are used by the Dayak
tribe to treat ringworm diseases (Az-Zahra et al.,
2021). According to Fatmawati et al. (2020), C.
alata has various pharmacological activities
such as antibacterial, antidiabetic, anti-
inflammatory, antifungal and antioxidant. For
example, the ethanolic extracts from the leaves
were suggested as potential active components
for skin care products due to their antioxidant
and anti-inflammatory properties (Saidin et al.,
2019). Besides, the bark and roots also showed
antibacterial activity against Salmonella enterica
serovar Typhimurium, Staphylococcus aureus,
and Escherichia coli (Halim-Lim et al., 2020).
The various ethnomedicinal benefits of C. alata
have prompted researchers to analyse plant
sources for bioactive compounds. This approach
is significant for developing new pharmaceutical
and biological resources in healthcare systems
(Vaou et al., 2021).

There is scant literature reported on the
bioactive compounds of C. alata using different
extraction methods and solvents (Oladeji et al.,
2020). Recently, researchers have gained interest
in the application of soxhlet extraction (SE) and
ultrasonic assisted extraction (UAE) using
various solvents to extract secondary metabolites
from plants (Ling et al., 2019). SE also known
as "hot continuous extraction," is a traditional
technique that is often used in small research
settings. This process has significant exposure to
dangerous and combustible organic solvents and
uses a high amount of solvent, time, and energy
(Thilakarathna et al., 2023). Meanwhile, the
UAE wuses the sonic cavitation effect of
ultrasound to improve the surface contact
between samples, solvents, and cell walls.
Unlike SE, UAE is an advanced method that can
reduce time and solvent consumption (Deng et
al., 2022).

Therefore, the evaluation of different
extraction methods and solvents is crucial in
finding an optimum vyield, phenolic and
flavonoid content specifically in C. alata’s
species. In this study, the yield, TPC and TFC of
leaf, stem, and root extracts of C. alata were
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determined using soxhlet and ultrasonic assisted
extraction. Subsequently, the extracts obtained
from ethanol extraction were compared with
those obtained from chloroform extraction.
These results are significant for assessing the
efficacy of the methods in determining the
quantity of phenolic and flavonoid in C. alata’s
species.

MATERIALS AND METHODS
Materials

The chemicals used were ethanol (HmbG,
Malaysia), chloroform (Merck, Germany),
Folin-Ciocalteu reagent (Sigma Aldrich, USA),
gallic acid solution (HiMedia, India), sodium
carbonate (Na,CO3) solution (Merck, Germany),
quercetin solution (Sigma Aldrich, USA),
sodium nitrate  (NaNOs) solution (Merck,
Germany), aluminium chloride (AlCls) solution
(Merck, Germany), and sodium hydroxide
(NaOH) solution (Merck, Germany).

Preparation of C. alata Samples

The C. alata plants were collected from the Kota
Samarahan  roadside  (1°27°40.968” N,
110°24°50.5” E). The plants were identified by
the flowers, which resemble a fluorescent yellow
candle and grow in a vertical column from the
plant (Oladeji et al., 2020). The collected plant
samples were separated into leaf, stem, and root
parts. They were properly cleaned before being
chopped into small pieces, dried in an oven at 40
°C for 5 days to achieve constant weight and
ground into a powder (Mugao et al., 2020).

Extraction of C. alata Samples

In SE, approximately 15 g of the samples were
weighed and put in a thimble of a soxhlet
apparatus containing 200 ml of extraction
solvent and extracted for 6 hr (Mahyuddin et al.,
2020). Meanwhile, in UAE, about 1 g of samples
were put in a Schott bottle containing 40 ml of
extraction solvent and extracted for 30 min using
an ultrasonic water bath (Saifullah et al., 2020).
The extraction solvents used were ethanol and
chloroform.

Determination of Extraction Yield

After the extraction, the extracts were filtered
through Whatman No. 1 filter paper, vacuum-
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dried with a rotary evaporator and left to dry
completely in the fume hood. The yield of
extraction (%) was calculated as follows; Eq.(1):

Yield of extraction (%) = Wo/ W1 x 100 Eq.(1)

Where Wy and W; are the weight of C. alata
extracted from the sample (g) and the weight of
the sample (g), respectively. To avoid any
potential degradation, the resultant dried crude
extracts were packed and kept at 4 °C.

Determination of Total Phenolic Content
(TPC)

The TPC of C. alata extracts was determined
using the Folin-Ciocalteu reagent and gallic acid
as a standard solution (Ling et al., 2019). Briefly,
0.125 ml of the extract was put into a test tube
along with 0.5 ml of ultrapure water and 0.125
ml of Folin-Ciocalteu phenol reagent. After 3
min, 1.25 ml of 7% Na,CO3 was added, and then
distilled water was added to top up the volume to
3 ml. The absorbance was measured at a
wavelength of 760 nm using a Shimadzu UV-
1900i spectrophotometer after 1 hr of incubation
at room temperature and in a dark room. Figure
1 shows a calibration curve for gallic acid. The
TPC of the extract was expressed as mg of gallic
acid equivalent (GAE) per g of dry weight (mg
GAE/ g DW) by comparing with the gallic acid
calibration curve.

Determination of Total Flavonoid Content
(TFC)

The TFC of C. alata extracts was determined
using an aluminium chloride colourimetric assay
and quercetin as the standard solution, according
to Ling et al. (2019). About 4.8 ml of ultrapure
water and 0.3 ml of a 5% NaNOj; solution were
added to a test tube after an aliquot of 0.2 ml of
extract was added. After 5 min, 0.3 ml of 10%
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AICl;was added, followed by 2 ml of 1M NaOH,
and the remaining volume was brought to 10 ml
with ultrapure water. The absorbance was
determined at a wavelength of 414 nm. Figure 2
shows a quercetin calibration curve. The TFC of
the extracts was expressed as mg quercetin
equivalent per gram of dry weight (mg QE/ g
DW) by comparing with the quercetin
calibration curve.

Statistical Analysis

Results were expressed as mean + standard
deviation (n=3). Pearson correlation test was
performed by using IBM SPSS Statistics 27 to
determine the correlation between the TPC and
TFC.

RESULTS AND DISCUSSION
Yield of Extraction

The extraction efficiency is significant as it can
reduce the use of solvent volume, amount of dry
sample, sampling time, energy costs, and
extraction time per extraction (Zhang et al.,
2018). Table 1 shows the extraction yield of C.
alata. The amount of extraction yield obtained
increased from low polarity to high polarity of
solvents as follows: chloroform > ethanol. The
highest extraction yield was obtained by SE-
EtOH, where the leaf at 28.62 + 0.69% followed
by the stem (10.06 + 0.05%) and roots (9.79
0.14%). In comparison, UAE-Chlo recorded a
lower extraction yield for all parts of C. alata.
Bui et al., (2021) reported a similar trend in the
extract yields of Avicennia officinalis leaf using
ethanol (8.95 + 0.69%) and chloroform (3.20 +
0.57%).

Ethanol is a polar solvent which is
particularly effective at extracting polar
compounds, including a wide range of

Table 1. Extraction yield (%) of C. alata using SE and UAE

Extracts Soxhlet extraction Ultrasonic assisted extraction
EtOH-L 28.62 + 0.69 11.80 +1.40
EtOH-S 10.06 £ 0.05 3.57 £ 0.59
EtOH-R 9.79+£0.14 2.00+£0.44
Chlo-L 8.50+0.34 4.93+0.42
Chlo-S 1.14+0.34 0.83+0.12
Chlo-R 1.30+0.56 0.73+0.12
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phytochemicals such as flavonoids and
alkaloids (Alara et al., 2021). Meanwhile,
chloroform, being a non-polar solvent is highly
effective at extracting non-polar compounds
such as lipids (Saini et al., 2021). A greater
yield in ethanol extracts showed that the
presence of polar compounds was higher in C.
alata. This is because polar compounds such as
polar carbohydrates and glycosides are readily
dissolved in polar solvents such as ethanol
(Bitwell et al., 2023). Similarly, Dirar et al.,
(2019) reported that most of the components in
C. alata are hydrophilic and water-soluble
components. Therefore, ethanolic extracts
showed a greater extraction yield of crude
extracts than chloroform extracts.

As for plant parts, the leaf of C. alata
showed a greater yield of crude extract than
other plant parts. Similar to Halim-Lim et al.
(2020), using 95% ethanol, the leaf extract
(32.17%) of C. alata showed a higher yield than
bark (30.53%) and root parts (30.05%). This is
probably because leaves are rich in bioactive
compounds responsible for protection against
environmental stress factors such as UV
radiation (Aguirre-Becerra et al., 2021).
Meanwhile, for the extraction method, SE
yielded higher vyields compared to UAE,
regardless of solvent extraction and plant part
used. Similar to Das et al. (2019), the leaves of
Piper betle’s extract yield resulted in 11.00 for
SE, 10.33% for maceration, and 8.00 for UAE.
According to Mahyuddin et al. (2020), the
soxhlet apparatus cycles the same solvent
through the samples completely, which ensures
the fresh solvent is continually used to dissolve
the targeted compounds. Over time, this can
result in a more complete extraction of

0.160 1
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compounds with limited solubility. Therefore,
the SE showed a greater yield of extraction than
UAE and all plant parts.

Total Phenolic and Flavonoid Contents of C.
alata

The total phenolic content (TPC) in C. alata
was determined using Folic-Ciocalteu reagent.
Meanwhile, an aluminium chloride
colourimetric assay was used to determine the
total flavonoid content TFC. As shown in
Figure 1, the TPC was expressed in mg GAE/g
DW and obtained from the calibration curve of
gallic acid. For total flavonoid content of each
extract was expressed in mg QE/g DW and
obtained from the calibration curve of quercetin
(Figure 2). The Pearson correlation coefficient
was performed to show the strength and
direction of the linear relationship of
correlation. The Pearson correlation between
TPC and TFC in this study was r = 0.949 (p-
value < 0.01). This showed a positive
correlation between TPC and TFC.

In this study, leaf extracts showed greater
phenolic content, regardless of the extraction
techniques and solvent used. The highest was
obtained from the leaves part, extracted using
UAE and chloroform (UAE-Chlo-L, 117.436
mg GAE/g DW) (Figure 3). Similar to TPC, the
results presented in Figure 4 showed that the
extracts from the leaves, extracted using UAE
and chloroform had a significantly high
flavonoid content (UAE-Chlo-L, 568.778 mg
QE/g DW). The results showed that different
parts of plants had different values of phenolic
and flavonoid compounds.
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Figure 1. Gallic acid calibration curve
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Phytochemical compounds found in different
plant parts may be responsible for the unique
pharmacological effects in those parts
(Sembiring et al., 2018). As a common plant
response to these stresses, phenolic and
flavonoid compounds are produced; these
compounds have the ability to repair damaged
tissues, absorb UV light, and repel parasites and
pathogens (Clement et al., 2021). Less exposure
is provided to the stems and roots to these
factors. Therefore, evolutionary pressures on C.
alata stems and roots to generate high
concentrations of phenolic and flavonoid
compounds are lower than on the leaves
(Pachorkar & Patil, 2021). Additionally,
environmental stressors such as UV radiation,
pests, and pathogens affect the foliage more
directly (Nantongo et al., 2018). As a result,
phenolic and flavonoid compounds are more
abundant in the leaves of C. alata than in its
stems and roots. A study by Halim-Lim et al.
(2020) also reported that the leaves of C. alata
from water extract showed higher phenolic and
flavonoid content than barks and roots.

As for the extraction techniques, UAE
showed a better phenolic recovery in all extracts
except for the roots extracted from both ethanol
and chloroform (EtOH-R, Chlo-R). The
ultrasound treatment successfully disrupted the
cell wall of the plants, which also reduced
particle size and enhanced solvent penetration
into the plant matrix. This gave a higher surface
of contact between trapped bioactive chemicals
and the solvent, which improved the extraction
efficiency (Das et al., 2019). Romes et al. (2019)
also reported the phenolic content of oil palm
leaves from UAE was higher than SE and
maceration extraction. Long exposure to high
temperatures in SE could induce the degradation
of bioactive compounds in the plants
(Mohammadpour et al., 2019). Therefore, UAE
was effective for the recovery of the phenolic
compound due to its short optimal extraction
time and less quantity of solvents and samples
used.

Meanwhile, for TFC, the results showed that
SE provided a better recovery of flavonoid,
except for the chloroform extract of leaves part
(SE-Chlo-L, 406.444 mg QE/g DW) where the
ultrasonic extract was higher (UAE-Chlo-L,
568.778 mg QE/g DW). However, the UAE is
still competent because, even though the
extraction used a small quantity of sample and
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solvent, it proved to be effective in extracting
flavonoids. This agrees with Das et al. (2019),
where a similar solid-to-solvent ratio was used
for sonication, maceration, and soxhlet
extraction, proving that sonication provides a
better flavonoid recovery than other techniques.
A higher solid-to-solvent ratio caused a higher
concentration gradient, which raised the
diffusion rate of the chemicals from the sample
into the solvent (Elboughdiri, 2018: Jovanovi¢ et
al., 2021).

In this study, all the extracts obtained from
chloroform showed a higher TPC compared to
ethanol extracts. Similar results are obtained for
TFC. A chloroform extract gives better TFC
from all parts of C. alata, except for the
ultrasonic extract of the roots (UAE-Chlo-R,
225.222 mg QE/g DW). The difference was
slightly lower than the ultrasonic extract of roots
by ethanol (UAE-EtOH-R, 230.667 mg QE/g
DW) (Figure 4). These results are attributed to
several factors such as the type of extraction
solvent, its polarity index, and the solubility of
the target compounds in chloroform as
extraction solvent (Nguyen et al., 2022).

According to Alara et al. (2021), chloroform
might selectively extract certain phenolics that
are less polar, which are not as effectively
extracted by more polar solvents like ethanol or
water. This selectivity of solvent extracts could
result in a higher concentration of less polar
phenolic compounds in chloroform extract. A
study by Nguyen et al. (2022) also reported that
ethyl acetate, acetone, and chloroform extracts
of Avicennia officinalis L provided a higher TPC
than ethanol, methanol, and dichloromethane
extracts. Thus, chloroform in combination with
UAE is a suitable method for the extraction of
phenolic compounds. Meanwhile, SE is a
suitable method for the extraction of flavonoids
for all plant parts except for the Chlo-L. Based
on the results, it is significant to choose the right
solvent for phenolic and flavonoid extraction
because the combination of extraction methods
and solvent selection might provide a variety of
outcomes.

CONCLUSION

Different extraction methods and solvent
extracts generally affected the yield, phenolic
and flavonoid content in C. alata. This study
showed that extracts from the leaf of C. alata
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performed better than the root and stem in terms
of their extraction yield, TPC and TFC due to
biological factors and environmental effects.
With the exception of TFC in Chlo-R, the TPC
and TFC in stem and root only show slight
differences. Also, chloroform is a good choice of
solvent for extracting phenolics and flavonoids
due to the selectivity of less polar compounds in
C. alata. For the extraction method, SE is better
at extracting flavonoids except for the Chlo-L.
Meanwhile, UAE is more efficient in extracting
phenolic compounds except for the EtOH-R and
Chlo-R. Thus, these findings provide data for
selecting methods that produce optimal yield,
phenolic and flavonoid contents in C. alata’s
species.
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ABSTRACT

Managing regrowth forests sustainably is a necessary tactic to address climate change as these forests' ability to
capture and sequester carbon is much higher due to their potential high growth rate. These forests also retained
high tree diversity if subjected to selective logging previously. The objectives of this study were to investigate
growth rate of tree species in a logged over coastal lowland mixed dipterocarp forest. This study was carried out
in 10 established plots (50 m x 20 m) at a logged-over forest in Universiti Putra Malaysia Bintulu Sarawak Campus,
Sarawak, Malaysia and trees with 10 cm diameter breast height (dbh) and above were measured. There were 611
individual trees of 159 species and 43 families were found in a one-hectare. The majority of trees (86%) were
found in smaller diameter classes (<30 cm) with only 2% in diameter classes of more than 50 cm. The study area
still retains a mixed dipterocarp forest feature. The stand has a good growth rate. Overall dbh increment was 0.34
cm yrt with dipterocarps documented 0.39 cm yrt. A reverse growth dominance was observed in this study
where smaller trees recorded higher growth. Thus contributing up to 72% of carbon sequestrated by this group of
trees.

Keywords: Carbon sequestration, floristic composition, growth dominance, growth rate, logged-over lowland
dipterocarp forest
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INTRODUCTION

In 2020, about 31.1% of the earth’s land surface
is covered by forests with 45% found in the
tropical region (FAO, 2020). Forest trees
capture CO, from the air (one of the main
greenhouse gases that causes climate change)
and store carbon in biomass, forest litter and soil
as they grow. Over a period of 19 years (2001 —
2019), annually it is estimated that global forests
are able to remove 15.49 + 19 Gt CO-¢e. Tropical
regions contributed 45.1% or 6.99 Gt COze of
this removal (Harris et al., 2021). The highest
ability of tropical forests to capture and
sequestration of carbon is due to the highest
carbon density within this type of forests (FAO,
2020; Spawn, 2020). Thus managing forests
sustainably including carbon capture is a crucial
approach to help address climate change.

Changes in tree growth can have a significant
impact, either shielding or impairing the increase
in atmospheric CO,. FAO (2020) estimated total
carbon stock in forests at 662 Gt of which 45.2%
in soil, 44.5% in living biomass, and 10.3% in

dead wood and litter. South and Southeast Asia,
Western and Central Africa, South America,
Central America, and the Caribbean where most
tropical forests can be found account for 53.7%
of carbon found in living biomass (FAO, 2020).
This indicates that tropical forests are a highly
significant contributor to the global carbon
budget. However, logged-over forests are now
more widespread than unlogged forests in this
region also. In the case of Borneo Island, Gaveau
et al. (2014) estimated that by 2010 the total
forested area only covers 52.8% of the island.
Logged-over forests cover 46.2% of these
persisted forests. They expected that about
42.0% or 88,150 km? of the remaining intact
forests will be logged as they are categorized as
production forest and only 32.2% of potential
remain as intact forests in the coming decade.
Although logged-over forests are more common,
the understanding of carbon dynamics in
response to timber harvesting in the tropics is
limited. Following disturbance such as logging,
forest regrowth is able to possibly provide a
valuable carbon sink as forests regain their
biomass during the succession process (Pugh et
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al., 2019). Carbon sequestration potential due to
biomass accumulation rate from natural forest
regrowth is still sparse. Many countries are
depending on default rates from the
Intergovernmental Panel on Climate Change as
they do not have nationally specific forest carbon
accumulation rates (Lewis et al., 2019). The
available rates do not take into consideration
variations in local land-use history and
environmental conditions (Cook-Patton et al.,
2020).

Production of timber in Malaysia is based on
a selective management system with a periodic
harvesting cycle of 25 — 30 years that was
introduced in 1978 (Thang, 1987). A number of
commercial trees above a certain diameter limit
will be harvested. This management system is
sustainable only if able to maintain timber
production (potential harvestable trees recover in
time) and continue to provide ecosystem
services between cuts (Edwards et al., 2014).
Therefore recovery of forest stock estimation
becomes a critical component of sustainable
forest management and is imposed by
certification schemes (Nasi et al., 2012).

Forest certification, a market driven
mechanism, gained traction after the United
Nations Conference on Environment and
Development, Earth Summit at Rio de Janeiro in
1992. The certification scheme aims to identify
forest areas that are managed sustainably in
terms of economic, social and environmental.
An approach that allows timber harvesting to
continue while at the same time ensuring forests
are managed responsibly. In 1998 Malaysia
Timber Certification Council was established
and three years later, they launched their first
certification scheme with the aim to encourage
the implementation of sustainable forest
management in Malaysia. This scheme was the
first tropical forest scheme in the Asia Pacific
region that gained endorsement by The
Programme for the Endorsement of Forest
Certification in May 2009.

The establishment of permanent sample plots
is a crucial approach spelled out in the
certification scheme documents in order to
monitor and assess the health and vitality of the
forests and the sustainability of managed forests.
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The plots are able to provide among other tree
growth rates, regeneration status, and conditions
of the forests. This collected information will be
able to assist forest managers in determining the
next harvesting cycle more accurately for their
forest area. Information on the growth rate of
tropical tree species found in the natural forests
is still sparse especially in the logged-over
forests. This study was conducted in an attempt
to provide information on floristic composition,
diameter, biomass and carbon content
increments, and assessed the relationship
between tree size and tree growth rate in a
coastal logged-over lowland mixed-dipterocarp
forest.

MATERIALS AND METHODS
Site Description and Plot Establishment

The study plots were established at a logged-
over forest within Universiti Putra Malaysia
Bintulu Sarawak Campus, Sarawak, Malaysia
(Figure 1).  The record from the Forest
Department Sarawak indicated that this forest
was selectively logged in 1977. In 1994, illegal
logging activity was detected in this area
resulting in major destruction with most of the
trees with a diameter of 40 cm being felled. This
forest is currently used for teaching and research
purposes for forestry students. The forest area is
situated at 20 — 110 m above sea level with an
average annual rainfall of 2,327 mm. The soil in
the area is acidic and classified as an
Isohyperthermic Typic Dystropept known as the
Nyalau soil series (Peli et al., 1984). One-hectare
permanent sample plot was first established in
2007 by combining 10 subplots of 50 m x 20 m
(Figure 2).

Diameter Measurement

All trees with a diameter of 10 cm and above at
breast height (dbh — 1.3 m above ground height)
were measured, tagged, identified and marked

with a red paint to indicate the point of
measurement.  Remeasurement of dbh was
conducted the following year at the marked
measurement point.
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Figure 1. Study site location

50m
20m
Figure 2. Plots layout
species diversity and tree distribution within the
Data Analysis study area. The methods are as follows:
Field data collected were quantitatively analyzed Growth Dominance

for growth dominance, biomass and carbon
sequestration estimation, Important Value Index, The relationship between tree size and their
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growth can be analyzed using growth dominance
(GD) as proposed by Binkley (2004). This
guantitative approach looks at how different tree
sizes influence productivity (Soares et al., 2017).
GD was calculated using the Eq. (1) proposed by
West, (2014):

GD=1+ 3" (—x )i+y1)  Eq (D)
where n is the number of trees found in the plot,
X is the cumulative percentage in stem biomass,
and y is the cumulative percentage increment in
stem biomass.

Biomass and Carbon Sequestration Estimation

Manuri et al. (2016) allometric equation [Eq.
(2)] for tropical dipterocarp forests was used to

density for a species
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determine the aboveground biomass (AGB) of
trees in the current study.

AGB (kg) = 0.215 dbh?5% Eq. (2)

The conversion factor of 0.471 was used
to calculate carbon in AGB (Thomas & Martin,
2012). The ratio of 3.67 (weight of C in COy)
was used to determine CO- captured by growing
trees.

Importance Value Index

The importance value index (IVI) for tree
species recorded in this study was calculated
based formula Eqg. (3), Eg. (4), Eqg. (5) and Eg.
(6) provided by Curtis and MclIntosh (1951).

Relative Density (RD) =

total density for all species

x 100 Eq. (3)

Relative Frequency (RF) =

dominance for a species

frequency value for a species
amenty P % 100 Eq. (4)
total frequency for all species

Relative Dominance (RDo) =

IVI=RD + RF + RD,

Species Diversity and Tree Distribution

Shannon-Wiener index (Pielou, 1969) and
Fisher’s a index (Whittaker 1960) were two
indices used in this study to determine the tree
species diversity. Meanwhile Pielou’s index
(Pielou, 1969) and variance to mean ratio
(Greig-Smith, 1983) were used to determine tree
distribution and disperser within studied plots.
The existence of Borneo endemic tree species
and their conservation status was also
determined. This is determined by referring to
the Tree Flora of Sabah and Sarawak, the [JUCN
Red List, and the Red List of Bornean Endemic
Dipterocarps (Bartholomew et al., 2021).
Furthermore, a species-area curve was
developed by plotting species number as a
function of the sample plot size or area. This has
beenused in studies of community ecology
which provides the fundamental component for
conservation biology.

RESULTS AND DISCUSSION

Tree Diversity and Distribution, and Stand

total dominance for all species

x 100 Eq. (5)

Eq. (6)
Floristic Composition

In an area of one hectare, a total of 45 families
with 157 species were enumerated and 611 stems
were recorded. Of these, 98 were identified at
the species level and 59 were identified at the
genus level. The number of tree species
recorded in this logged-over forest was lower
than the ranges reported in primary forests of
Peninsular Malaysia and Borneo for elevation
below 250 m (Proctor et al., 1983; Sukardjo et
al., 1990; Manokaran & Swaine, 1994; Poulsen
et al., 1996; Davies & Becker, 1996;
Kartawinata et al., 2004; Small et al., 2004,
Wilkie et al., 2004). Stand density in the current
study was within the ranges reported by Proctor
et al. (1983), Sukardio et al. (1990), Newbery et
al. (1992), Manokaran and Swaine (1994),
Poulsen et al. (1996), Davies and Becker (1996),
Kartawinata et al. (2004), Small et al. (2004),
and Wilkie et al. (2004) for primary forests of
Peninsular Malaysia and Borneo (422-759
stems ha'). A total of 170 stems (or 27.8% of
total stems) were from the Dipterocarpaceae
family. A common feature in a mixed
dipterocarp forest.
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A species-area curve was developed to
determine if the total number of species found in
the current study signifies the total number of
species in the whole studied area. A
considerable number of species were steadily
added as the number of subplots increased up to
one hectare (Figure 3) which indicated that
160
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60

Number of species
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20

0
0 1 2 3 4
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larger areas should be inventoried in order to get
a better representative of tree species in this
forest site. Similar results were reported by
various authors who worked on tropical forests
of Peninsular Malaysia, Borneo and Sumatra
(Wyatt-Smith, 1966; Kartawinata et al., 1981,

5 6 7 8 9 10

Number of subplot

Figure 3. A species-area curve for this study

Riswan, 1982; Sist & Saridan, 1999;
Kartawinata et al., 2004; Kueh et al., 2017).

In this study, a total of 45 tree families were
recorded. Only a few tree families were speciose
among the sites, with 34.5% represented by ten
or more species. Dipterocarpaceae with 37
species (23.6% of total species recorded) and
Euphorbiaceae with 15 species were the most
speciose families in this study. These two
families were commonly found in most of the
lowland mixed dipterocarp forests around
Borneo and Peninsular Malaysia. Meanwhile
four (or 8.9%) families were represented by only
a single species. This logged-over forest
recorded a higher number of tree families than a
few other primary forests in north Sumatra
(Kartawinata et al., 2004) and Brunei on Borneo
Island (Poulsen et al., 1996; Small et al., 2004).

The species diversity of this logged-over
forest is categorised by a profusion of tree
species with a low rate of occurrence resulting in
high Shannon—Wiener and Fisher's o diversity
indexes (4.52 and 67.66, respectively). About
42.7% (or 67 species) of tree species recorded
were represented by a single individual. A

higher number of single individuals representing
a species is a common characteristic found in the
lowland forest of Borneo (Poulsen et al., 1996;
Small et al., 2004). Interestingly, tree species
stems found within this logged-over forest were
almost evenly distributed and dispersed (E =
0.90 and VMR =0.99). This forest is dominated
by a group of understorey species.

Xanthophyllum sp. (4.7%), Rubroshorea
macroptera (4.6%) and Litsea sp. (3.4%) were
the three dominant species found at this study
site (Table S1). These three tree species also
recorded the highest ecological weights among
the species found with 1VVI values of more than
10 (Table S1). In this study, a total of 23
endemic species of Borneo were recorded (Table
1), with which 14 were from Dipterocarpaceae
(37.8% of dipterocarps found in this site were
endemic to Borneo). Shorea praestans is a
critically endangered endemic species recorded
in this logged-over forest based on the Red List
of Bornean Endemic Dipterocarps
(Bartholomew et al., 2021). Two endangered
endemic species, Hopea aequalis and Shorea
domatiosa (Bartholomew et al.,, 2021) also
recorded on this site. Meanwhile, four
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vulnerable endemic species, Dipterocarpus
stellatus, Neohopea isoptera, Rubroshorea
guadrinervis, and Upuna borneensis were
recorded in this forest (Bartholomew et al.,
2021).

Stand Diameter, Basal Area, Biomass, and
Stand Growth

A total of 611 individuals with dbh > 10 cm were
recorded during this study. An inverted J-curve
trend was observed in tree dbh classes in this

e Total
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forest, with the highest number of individuals
having smaller tree dbh contributing to 63.0%
(10-19.9 cm) of total stems recorded (Figure 4).
The highest dbh was recorded for Dryobalanops
aromatica at 83.0 cm. The average tree dbh was
20.3 cm with an annual rate of 0.34 cm yrt. The
annual dbh growth for the dipterocarp was 0.39
cm yrt. Growth rates of dbh reduced as size
increased (Figure 5), which resulted in small
trees (dbh of 10.0 — 29.9 cm) contributing
substantially more to AGB increment than large
trees (Figure 6).

Dipterocarps

40-49.9

dbh class (cm)

Figure 4. An inverted J-curve trend for tree diameter breast height classes in this study
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Figure 5. Annual diameter breast height growth rate according to diameter breast height classes



Ong et al. 2024

(o]

5.46

5
5
(=]
\E_/ 4
IS
2 3
j
L
S
m 2 1.38
<

1

0

10.0-29.9 30.0-49.9

Growth of lowland dipterocarp forest in Sarawak 155

0.33
0.00

50.0-69.9 70.0-89.9

dbh class (cm)

Figure 6. Above ground biomass increments according to diameter breast height classes

The total basal area in this forest was 25.16
m2ha! (30.6% or 7.70 m? hal contributed by
dipterocarps) with annual growth of 0.64 m? ha
Lyrt. Meanwhile, total biomass was 435.03 t ha-
1 (31.2% contributed by dipterocarps) with an
annual of 11.51 t ha yr®. In Sabah, Imai et al.
(2012) found that dipterocarps contributed
43.4% of the total basal area when subjected to
reduced-impact logging whilst the contribution
of dipterocarps was lower (36.5%) in the area
subjected to conventional logging.

In a dipterocarp forest of East Kalimantan,
Sist and Nguyen-Thé (2002) reported a stand
density of 530 stems ha* and a basal area of 35.1
m2ha* before a logging operation. The number
of stems was reduced to 402-498 stems ha*
while the stands basal area was reduced to 18.7—
28.7 m*ha! four years after logging depending
on logging intensities applied. In this study, our
forest recorded higher stand density but similar
stand basal area to that of East Kalimantan.
Lower basal area per stem in the current study as
compared to Sist and Nguyen-Thé (2002) report,
might result in the indiscriminate felling of trees
above 40 cm dbh during illegal logging
operation years earlier in this forest.

Sist and Nguyen-Thé (2002) found that on
average four years after logging, the overall dbh
increment was 0.39 cmyr?! with dipterocarps
recorded at 0.54 cmyrl.  Meanwhile, the
unlogged stand recorded dbh increment of 0.18—
0.22 cmyr? and a higher increment was recorded
by dipterocarps (0.29-0.34 cmyr?). The current
dbh increment was similar to the overall growth
of logged-over stands in East Kalimantan.

However, dipterocarp increment in this forest
was considerably low when compared with the
East Kalimantan site. The difference might be
due to (i) recovery stages and (ii) a lesser number
of larger dbh trees. It is well known that
disturbed stands will experience a higher growth
rate at the early stages of recovery (Chiew &
Garcia, 1988; Thang & Yong, 1988; Sist &
Nguyen-Thé, 2002: Bischoff et al., 2005). The
forest in this study was subjected to logging
more than 15 years ago while East Kalimantan
stands only logged four years before. A higher
number of large dbh (> 50 cm) was still available
in East Kalimantan stands after logging while
only 15 stems (2.5% of the total number of
stems) larger than 50 cm were recorded on this
site. Sist and Nguyen-Thé (2002) found that
higher increment was recorded by trees with
larger dbh. An opposite trend was observed in
this forest, where smaller trees recorded a higher
growth rate thus contributing more to AGB
increments.

A reverse size-asymmetric of 0.42, where
small trees contributed unduly more to stand
increment than stand biomass, of GD was
observed in this regrowth forest. Based on the
conceptual model proposed by Binkley et al.
(2006), the fourth phase of reverse GD could be
observed in old growth forests. Higher growth
of co-dominance and understorey trees and or
reduction growth of dominant trees may result in
reverse GD. A long-term observation would be
required to assess the main factor contributing to
reverse GD although decreasing growth of
dominant trees is expected to be the main reason.
A slower growth rate of large trees in forest
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stands has been substantial research over the past
few decades but the detailed mechanisms remain
uncertain (Martinez-Vilalta et al.,
2007; Hinckley et al., 2011). The current study
only supports the general observation of the
trend of diminished growth in larger trees, but is
unable to give any insights into the mechanism
involved.

Imai et al. (2014) conducted tree assessment
in three different forest management units, i.e.,
Segaliud Lokan Forest Reserve in Sabah,
Sapulut Forest Reserve in Sabah, and PT Ratah
Timber in Kutai Barat, East Kalimantan. In the
finding, they found that forest stands contained
345-670 stems ha* with 3.1-45.9 m?ha* of basal
area and 24-581 tha® of biomass in Segaliud
Lokan Forest Reserve, 294-543 stems ha* with
3.6-51.4 m?ha* of basal area and 25-653 tha* of
biomass in Sapulut Forest Reserve, and 366-622
stems ha* with 4.7-66.2 m? ha* of basal area and
22— 969 t ha* of biomass in PT Ratah Timber.
These variations of the tree density, volume and
basal area per hectare depends on the degree of
disturbances occurred in these areas. In an
inventory work at Mulu National Park, Sarawak,
Malaysia, Proctor et al. (1983) found that virgin
dipterocarp forest contained 778 stems ha with
57 m?ha* of basal area and 650 tha of biomass.
They also recorded a stand density of 615-645
stems ha* with 28 m?ha™* of basal area and 210—
250 tha of biomass in poor alluvial forests.
Meanwhile Kira (1978) estimated that
undisturbed dipterocarp forest in Peninsular
Malaysia contained 431 t ha* of biomass. The
lower values of stand density, basal area and
biomass in this study as compared with the Mulu
forest (Proctor et al., 1983) as well as the Pasoh
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forest (Kira, 1978) indicated that this forest stand
is still in arecovery stage and needs a longer time
to reach climax stage. Stand and soil disturbance
were still obvious after 15 years of recovery
indicating that this stand was subjected to high
logging intensity.

Carbon Sequestration

The smaller diameter size classes (10-29.9 cm)
contributed 39.8% of the total AGB and carbon
(Figure 7). About 86.4% of trees recorded in this
study are found in these diameter size classes.
Meanwhile trees more than 50 cm dbh, only
added 26.3% to the total AGB and carbon
although with simply 2.5% of total trees
recorded. A total of 11.51 t halyr! of AGB
gained, 5.42 t C ha'yr? was accumulated, and
19.87 t CO; halyr! was sequestrated by trees in
the current study with smaller diameter classes
(10-29.9 cm) contributed 71.6%.

Based on 49 long-term forest monitoring
plots across Borneo, Qie et al. (2017) estimated
that AGB increment of intact forest interior plots
(>100 m from the forest edge) at 0.91 t halyr?
while C gain is estimated at 0.43 t C halyr?!
during 1958-2015.

Regrowth forests have a good possibility to
capture carbon via tree growth as shown in this
study reducing CO; emission. These forests are
usually faster in gaining biomass than intact
natural forests. These figures can serve as a
baseline for understanding the contribution of
regrowth forests in capturing and sequestering
CO; from the atmosphere.

Cincrement

10-19.9 20-29.9 30-39.9 40-49.9 50-59.9 60-69.9 70-79.9 80-89.9

dbh class (cm)

Figure 7. Aboveground biomass, and carbon content and increment according to diameter breast height classes
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CONCLUSION

A total of 611 tree stems of 157 different species
comprising 45 tree families were inventoried in
a one-hectare area. Dipterocarpaceae and
Euphorbiaceae dominated the area, a widespread
characteristic of a mixed dipterocarp forest. The
two most abundant species in this area were
Xanthophyllum sp. and R. macroptera. A total
of 23 Bornean endemic tree species were
recorded with three species under the
endangered species list (R. praestans — critically
endangered; H. aequalis and S. domatiosa —
endangered) indicating the area is high in
conservation value.

In the current study, the dbh annual increment
rate was 0.34 cmyr! where smaller size trees
recorded higher growth rates. Thus contributed
markedly to AGB and carbon increment
compared to larger trees. GD further confirmed
that small trees contributed greatly to stand
increment. From the early assessment of the
growth data, it would suggest an indication of
higher growth rate in regrowth forest in the
current study which indicates high potential for
carbon sequestration compared to intact forests.
Long term monitoring of these data is still
crucial to enhance our understanding of forest
growth rates and the potential carbon
sequestration of logged over forest
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ABSTRACT

For the past three decades, various biotic components in Universiti Malaysia Sarawak (UNIMAS) natural habitats
have been studied but less attention given to the largest family of flowering plants, the Orchidaceae. A preliminary
survey in the campus areas has resulted in the discovery of more than ten species of orchids. Therefore, in this
study more field samplings were conducted throughout the UNIMAS campus focusing on the developed areas to
unveil the potential of UNIMAS-developed areas as a growth ground for orchids. To date, 37 orchid species have
been recorded from these areas; mainly found on the planted trees at the roadside and landscaped areas surrounding
the academic buildings, while the terrestrial species were found to inhabit different types of disturbed habitat.
Among them, Dendrobium pensile was identified as a new record to Sarawak while Dendrobium pseudostriatellum
and Pinalia biglandulosa were endemic to Borneo. This study provides an insight into the orchid resiliency
towards habitat alteration, landscape phorophytes species that can host orchids, and management of species in a
developed landscape.
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INTRODUCTION

Universiti Malaysia Sarawak (UNIMAS) is a
young university (established in 1993) and
currently still undergoing some landscape
changes for the development of many facilities
such as the examination hall and hospital. The
campus was initially developed in a lowland area
with several natural habitats - which are
represented by kerangas forest, mangrove area,
peat swamp forest and secondary forest. These
natural areas have caught the interest of many
researchers to study their various biological
components (UNIMAS Institutional Repository,
2022). However, for the past three decades less
attention has been given to the largest family of
flowering plants, the Orchidaceae. Recent
botanical surveys on the campus areas extended
from the parking lots of the Faculty of Resource
Science and Technology to the forest fringes by
the roadside have resulted in the discovery of
more than ten species of orchid from different
genera. The presence of the orchids outside of
UNIMAS natural habitats indicates that its
developed landscapes to some extend are
suitable for the orchid's growth thus more
species are anticipated to be enumerated

(Wolken et al., 2001; Stipkova & Kindlmann,
2021). The recorded epiphytic orchids were
observed to benefit from the planted trees as
hosts while the terrestrials were found to adapt
to several types of environments — of which
some were acknowledged to be uncommon for
orchids (Beaman et al., 2001; Wood, 2014). The
capability of the developed landscapes for orchid
growth was also evidenced by the high number
of individuals among the sighted orchids
(McCormick & Jacquemyn, 2013). This
situation can infer the orchid's adaptation in
disturbed and altered habitats to ensure their
survivability. Thus, it is important to assess the
species diversity to unveil the potential of
UNIMAS-developed areas as a growth ground
for orchids. This finding will add information on
the orchid’s resiliency in disturbed habitats and
the planted landscape trees capability as orchid
phorophytes in the developed landscapes.

MATERIALS & METHODS
Field Sampling and Samples Collection

This study was conducted at UNIMAS,
Samarahan Campus (1° 28’ N, 110° 25’ E) from
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February of 2021 to April of 2023. Convenience
sampling (Speak et al., 2018) was employed in a
developed landscape of UNIMAS consisting of
the areas surrounded by the building complexes
and along the paved roads located in the main
and east campus (Figure 1). The sighted orchids
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were photographed and their respective habitats
and phorophytes (for epiphytic orchids) were
documented accordingly. Samples  were
collected and kept as living specimens in the
Orchidarium of UNIMAS.

Borneo
\Y ®sihy /',/—/J
©: }

SARAWAKES

w@)f Malaysia, Sarawak

®pontianak

Universiti Malaysia Sarawak (UNIMAS)

ALY ’ 5
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Figure 1. Location of Universiti Malaysia Sarawak (UNIMAS) indicating sampling sites (1° 27° 34.79” N, 110°

26’ 23.39” E). Photo credit: Google Earth
Species Identification

The orchids’ taxonomic classification and
distribution were determined using reliable
sources such as Beaman et al. (2001), Wood
(2014) and Plants of the World website:
https://powo.science.kew.org/ (POWO, 2022).
For the species that were not able to be identified
up to species level (absence of flower), sp. will
be denoted. Tree species that served as the
phorophytes were identified based on the
information provided by Boo et al., (2006),
Jabatan Landskap Negara (2008) and the
National Parks of Singapore Flora & Fauna
website : https://www.nparks.gov.sg/florafauna
web/ (Nparks, 2022). The orchid's diversity was
assessed via species richness where the number
of the taxa in UNIMAS-developed campus
landscapes was enumerated accordingly (Moore,
2013).

Orchids — Phorophyte Relationship

The analyses that were subjected to the
individual counts were not included in this study
due to the orchids' growing patterns that mostly
documented growing in many clumps consisting
of innumerable individuals with different
growing phases and commonly found on the
high point of host trees. Therefore, the
relationships between epiphytic orchids and their
phorophytes were analysed using the frequency

of phorophytes (FP%) and orchids incidence
(Ol%). The analyses were adapted from Yulia
and Budiharta (2011) with modifications as
follows:

a. Frequency of phorophytes (FP%)

FP% = Number of phorophyte species (Np)

x 100% Eq.(1)

Total number of phorophyte

b. Orchids incidences (O1%)

Number of incidences of epiphytic orchids (Ni
Ol% = PIPLY ™ % 100% Eq.(2)
Total number of incidences

Subsequently, the zonation characteristics of
the epiphytic orchids and the phorophyte were
determined. For this investigation, a tree species
with the highest incidences was chosen as the
model phorophyte. The determination of the
zonation of epiphytes on the host tree was
adapted from Rasmussen and Rasmussen (2018)
with a few modifications as follows: a) Zone I,
the basal trunk (50 cm from ground), b) Zone I,
the trunk (51 cm to primary branch), c) Zone II1,
basal part of the branch (primary branch to
second branch), d) Zone IV, the middle part of
the branch (second branch to third branch) and
e) Zone V, the outer branch (third branch and its
extension). While their respective numbers were
enumerated based on the following categories: a)
zero individuals b) small clump (1-10
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individuals), c¢) medium clump (11-20
individuals) and robust clump (21 and more).

The bipartite network between phorophyte
and epiphytic species was generated using
RSoftware, Bipartite package (R Core Team,
2020) to create a graphical interaction between
both variables (Morales-Linares et al., 2022).
Data was tabulated in binary form according to
the presence of epiphytic species on the
phorophyte tree regardless of the number of
orchid incidences.

RESULTS & DISCUSSION

Species Diversity in the Developed Area of
UNIMAS Campus

In general, the distribution pattern of the orchids
in the developed areas of UNIMAS was best
described as constantly sparse and widespread in
different environments. A total of 37 species
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from 19 genera were successfully recorded
during the study (Table 1). All the genera
belonged to the subfamily of Epidendroideae
except Zeuxine strateumatica which was a
member of Orchidoideae. Among the genera,
Dendrobium displayed the highest number of
species with 11 taxa followed by Bulbophyllum
and then Thrixspermum while the remaining
genera were represented by lesser species
respectively. Although UNIMAS is a developed
campus it had many to offer in terms of species
diversity (Figure 2 & Figure 3) where we were
able to document Dendrobium pensile (Figure
2e) which was later identified as a new record to
Sarawak. The species diversity in the campus
was also enriched by the documentation of two
endemic taxa to Borneo Dendorbium

pseudostriatellum (Figure 2f) and Pinalia
biglandulosa (Figure 2h) that were previously
localized in the peat swamp, hill forest and lower
montane mossy forest habitats (Beaman et al.,
2001; Wood, 2014).

Figure 2. Selected epiphytic orchid species in UNIMAS developed campus landscape: (a) Bulbophyllum
brienianum, (b) Bulbophyllum purpurascens, (c) Bulbophyllum vaginatum, (d) Dendrobium kentrophyllum, (e)
Dendrobium pensile*, (f) Dendrobium pseudostriatellum**, (g) Luisia antennifera, (h) Pinalia biglandulosa**,
(i) Renanthera elongata, (j) Robiquetia spathulata, (k) Thecostele alata and (I) Thrixspermum centipeda. Photo
credit: Akmal Raffi (c), Almunah A.M (a-b, d-j and I), & Haziah Musa (k)

*New record to Sarawak **Endemic to Borneo
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Table 1. List of orchids species found in the developed urban landscape of UNIMAS. Note: Forest Fringes (FR),
Planted Roadside Tree (PRT) and Planted Landscape Tree (PLT)

Subfamily Genus Species Habitation in UNIMAS
Epidendroideae  Acriopsis Acriopsis liliifolia (J.Koenig) Ormerod Epiphytic on PRT & PLT
Agrostophyllum Agrostophyllum sp. Epiphytic on PRT
Arundina Arundina graminifolia (D.Don) Hochr. Terrestrial on FR
Bromheadia Bromheadia finlaysoniana (Lindl.) Miq. Terrestrial on FR
Bulbophyllum Bulbophyllum brienianum (Rolfe) Merr. Epiphytic on PLT & PRT
Bulbophyllum cf. grotianum Epiphytic on PRT
B. medusae (Lindl.) Rchb.f. Epiphytic on PRT
B. purpurascens Teijsm. & Binn. Epiphytic on PRT
B. vaginatum (Lindl.) Rchb.f. Epiphytic on PLT & PRT
Cymbidium Cymbidium sp. Epiphyte on PLT & PRT
Dendrobium Dendrobium convexum Blume (Lindl.) Epiphytic on PRT
D. crumenatum Sw. Epiphytic on PLT & PRT
D. kentrophyllum Hook.f. Epiphytic on PLT
D. indivisum (Blume) Migq. Epiphytic on PLT & PRT
D. indragiriense Schltr. Epiphytic on PLT & PRT
D. pensile Ridl. Epiphytic on PRT
D. pseudostriatellum J.J.Wood & P.O'Byrne  Epiphytic on PLT & PRT
D. rosellum Ridl. Epiphytic on PRT
D. secundum (Blume) Lindl. ex Wall. Epiphytic on PRT
D. setifolium Ridl. Epiphytic on PLT & PRT
Dendrobium sp. section Aporum. Epiphytic on PRT
Eulophia Eulophia graminea Lindl. Terrestrial on disturbed semi
shaded area
Luisia Luisia antennifera Blume Epiphytic on PRT
Micropera Micropera callosa (Blume) Garay Epiphytic on PLT
Oberonia Oberonia sp.1 Epiphytic on PRT

Orchidoideae

Oxystophyllum

Pinalia

Renanthera
Robiquetia
Spathoglottis

Thecostele

Thrixspermum

Zeuxine

Oberonia sp.2

Oxystophyllum atrorubens (Ridl.)
M.A.Clem.

Pinalia biglandulosa (J.J.Sm.) Schuit.,
Y.P.Ng & H.A.Pedersen

P. cepifolia (Ridl.) J.J.Wood
Renanthera elongata (Blume) Lindl.
Robiquetia spathulata (Blume) J.J.Sm.

Spathoglottis plicata Blume.

Thecostele alata (Roxb.) C.S.P.Parish &
Rchb.f.

Thrixspermum amplexicaule (Blume)
Rchb.f.

T. centipeda Lour.

T. trichoglottis (Hook.f.) Kuntze

Zeuxine strateumatica (L.) Schltr.

Epiphytic on PRT
Epiphytic on PLT

Epiphytic on PLT & PRT

Epiphytic on PLT & PRT
Epiphytic on PLT
Epiphytic on PLT & PRT

Terrestrial on grassy open area

near drain
Epiphytic on PRT

Epiphytic on PLT & PRT

Epiphytic on PLT
Epiphytic on PLT & PRT

Terrestrial on grassy open watery

area
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Figure 3. Selected terrestrial orchid species in UNIMAS developed campus landscape: (a) Arundina graminifolia,
(b) Eulophia graminea, (c) Spathoglottis plicata and (d) Zeuxine strateumatica. Photo credit: Akmal Raffi (b &

d), Almunah A.M (a) & Haziah Musa (c)

Uncharacterized Habitats for the Terrestrial
Orchids in UNIMAS

Terrestrial orchids were observed to grow in the
areas that were less visited by the campus
community as they were not the main route for
pedestrians to walk, open to semi-shaded areas,
slightly wet to the water-logged ground and
floored with grass. Among the terrestrial
orchids, Arundina graminifolia and Bromheadia
finlaysoniana were found near forest fringes,
surrounded by tall grasses and layers of fern and
for that, they were often to be mistakenly
regarded as weeds. On the other hand, small-
sized-orchid- Zeuxine strateumatica was found
near the drain at the Faculty of Resource Science
and Technology disguising itself among grasses.
Eulophia graminea however was found in a
disturbed area under a tree near the paved road
meanwhile, Spathoglottis plicata was found in a
drain with stagnant water along leaf litter and on
an open area near the drain. All the terrestrial

species were seen once or twice during the
sampling period and could be categorized as
small populations except for Arundina
gramnifolia and Bromheadia finlaysoniana
which could grow up to numerous individuals
per population. However, maintenance activity
done in the campus compound such as grass
cutting and drain clearances posed a threat to
these terrestrial orchids as workers were clueless
about their existence and might destroy these
orchids during their labour.

Epiphytic Orchids and the Phorophytic
Ability of the Planted Landscape Trees in
UNIMAS

The epiphytic orchids were represented by a total
of 32 species and found on different planted
landscape trees (Figure 4). The epiphytes
displayed different propensities for host trees
whereby some of them were restricted to only
one phorophyte (with the lowest FP value of
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0.74%) while others such as Dendrobium
crumenatum (with the highest FP value of
31.15%) could grow up to 41 different host trees
(Table 2). A higher value of FP indicated that
the orchid species can be found on many
different types of trees. On the other hand, the
frequency for each epiphytic orchid can be
depicted by the Ol% where D. crumenatum
resulted in 89.71% of incidences creating a large
gap to the closest Ol1% of 2.73% displayed by
Pinalia biglandulosa and the other species
where the lowest percentage was 0.05%. Higher
Ol% indicated the species were commonly
found compared to the other species with lower
Ol%.

In this study, more than 5000 individual trees
have been observed in which they were
classified to 54 tree species and about 1800
individual trees from 41 species were identified

Andira inermis

Tabebuia rosea

Alstonia scholarls
Fllicium decipiens
Melaleuca viminalis

Platycladus orientalls
Syzyglum grande
Cupressacaeae sp
Dypsis lutescens
Ficus benjamina
Adinobotrys atropurpureus
Clitoria fairchildiana
Garcinia mangostana
Gymnostoma sum atranum
Peltophorum pterocarpurm
Pritchardia pacifica
Samanea saman
Spathodea campanulata
Syzyglum polyanthum
Acacla mangium
Cyrtostachys renda
Dyera costulata
Hopea odorata
Lagerstroemia speciosa
Mangifera sp.
Wesua ferrea
Monoon lengifelium
Pongamia pinnata
Araucaria columnaris
Bismarckia nobilis
Caryota urens
cinnamomum Iners
Gardenia carinata
Hibiscus tilaceus
Loganiaceae sp
Melaleuca cajuputih
Mimusops elengi
Ptychosperma macarthurii
Roystonea regia

Syzygium myrtifolium
Terminalia ivorensis
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as phorophytes for orchids. Among them, Andira
inermis (Figure 5a) which the phorophyte with
the highest orchid incidences (17 orchids
species) in which its zonation composition
percentage was observed to be the highest in
Zone 1V followed by Zone Il with 82.4% (14
species) and 70.6% (12 species) respectively
(Figure 5b). All the orchid species were
generally confined to the crown zones except
four species- Bulbophyllum medusae, D.
crumenatum, D. secundum and P. biglandulosa
that were able to extend their occupancy to the
trunk zones (Table 3). All of the epiphytic
species attached to the phorophyte exist in a
clump (Figure 5c¢) and will robustly occupied
Zone Il and Zone IV especially the
Bulbophyllum group that can look like
overgrown epiphytic plants and are often
subjected to bark clearance by the maintenance
activity by workers.

Epiphyte species

Dendrobium crumenatum

Acriopsis lillifolia

Pinalia biglandulosa

Pinalia cepifalia
Dendrobium indivisum

Bulbophyllum vaginatum
Dendrobium secundum
Luisla antennifera

Robiquetia spathulata
Dendrobium Indragiriense
Dendroblum pseudostriatelium
Bulbophyllum brienianum
Bulbophyllum medusae
Cymbidium sp

Dendrobium setifolium
Thrixspermum centipeda
Thrixspermum trichoglottis
Agrostophylium sp
Bulbophyllum grotianum
Dendroblum Kentrophylium
Dendrobium pensile
Dendrobium rosellum
Dendrobium sp. section Aporum
Dendrobium sp. section Crumenata
Micropera callosa

Oberonia sp.1

Oberonia sp.2

Oxystophyllum atrorubens
Renanthera elangata
Thecostele alata
Thrixspermum amplexicaule

Figure 4. Bipartite Network of phorophyte and epiphytic orchid species of UNIMAS. Phorophyte species are
connected by a line to their respective epiphytic orchid species that can host on the trees. The line indicates a two-
way interaction between both variables with band height representing the number of connections made. Increased
band height on phorophyte species means more species of orchids can be found on the tree and vice versa. Photo

credit: RSoftware
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Table 2. The epiphytic orchid species and the parametric value. Notes: Np = The number of phorophytes species
of each epiphytic orchid, Ni = The number of incidences of each epiphytic orchid, FP% = The frequency
percentage of phorophytes and Ol1% = The frequency percentage of orchid incidence.

Epiphytes in develop landscape of UNIMAS Np Ni FP% O1%
Dendrobium crumenatum Sw. 41 1840 30.15 89.71
Pinalia biglandulosa (J.J.5m.) Schuit., Y.P.Ng & H.A.Pedersen 13 56 9.56 2.73
Acriopsis liliifolia (J.Koenig) Ormerod 13 33 9.56 1.61
Pinalia cepifolia (Ridl.) J.J.Wood 8 11 5.88 0.54
Dendrobium indivisum (Blume) Mig. 6 12 441 0.59
Dendrobium secundum (Blume) Lindl. ex Wall. 5 6 3.68 0.29
Robiquetia spathulata (Blume) J.J.Sm. 4 8 2.94 0.39
Luisia antennifera Blume 4 2.94 0.29
Bulbophyllum vaginatum (Lindl.) Rchb.f. 4 4 2.94 0.20
Dendrobium indragiriense Schltr. 3 13 2.21 0.63
Dendrobium setifolium Ridl. 3 9 221 0.44
Dendrobium convexum (Blume) Lindl. 3 4 2.21 0.20
Dendrobium pseudostriatellum J.J.Wood & P.O'Byrne 3 3 2.21 0.15
Thrixspermum trichoglottis (Hook.f.) Kuntze 2 10 1.47 0.49
Bulbophyllum medusae (Lindl.) Rchb.f. 2 6 1.47 0.29
Bulbophyllum brienianum (Rolfe) Merr. 2 5 1.47 0.24
Cymbidium sp. 2 4 1.47 0.20
Renanthera elongata (Blume) Lindl. 2 3 1.47 0.15
Dendrobium rosellum Ridl. 2 2 1.47 0.10
Thrixspermum amplexicaule (Blume) Rchb.f. 2 2 1.47 0.10
Bulbophyllum cf. grotianum 1 3 0.74 0.15
Agrostophyllum sp. 1 1 0.74 0.05
Bulbophyllum purpurascens Teijsm. & Binn. 1 1 0.74 0.05
Dendrobium kentrophyllum Hook.f. 1 1 0.74 0.05
Dendrobium pensile Ridl. 1 1 0.74 0.05
Dendrobium sp. section Aporum 1 1 0.74 0.05
Micropera callosa (Blume) Garay 1 1 0.74 0.05
Oberonia sp.1 1 1 0.74 0.05
Oberonia sp.2 1 1 0.74 0.05
Oxystophyllum atrorubens (Ridl.) M.A.Clem. 1 1 0.74 0.05
Thecostele alata (Roxb.) C.S.P.Parish & Rchb.f. 1 1 0.74 0.05
Thrixspermum centipeda Lour. 1 1 0.74 0.05
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Table 3. List of orchid species on each zonation of Andira inermis.

Orchid species Zone | Zone Il Zone 1l Zone IV Zone V
Bulbophyllum brienianum (Rolfe) Merr. + +
Bulbophyllum cf. grotianum + +
Bulbophyllum medusae (Lindl.) Rchb.f. + + + +
Bulbophyllum purpurascens Teijsm. & Binn. +

Bulbophyllum vaginatum (Lindl.) Rchb.f. + +
Dendrobium convexum (Blume) Lindl. +
Dendrobium crumenatum Sw. + + + +
Dendrobium indivisum (Blume) Migq. +
Dendrobium indragiriense Schltr. +
Dendrobium pensile Ridl.

Dendrobium rosellum Ridl. + +
Dendrobium secundum (Blume) Lindl. ex

wall. * " *
Dendrobium sp. section Aporum +
Luisia antennifera Blume + +

Pinalia biglandulosa (J.J.Sm.) Schuit., + + + + +

Y.P.Ng & H.A Pedersen
Pinalia cepifolia (Ridl.) J.J.Wood + + +

Robiquetia spathulata (Blume) J.J.Sm.

Figure 5. Selected phorophyte species for species diversity percentage per tree: (a) Andira inermis tree, (b)
Different zonation for Andira inermis and the epiphytic orchid diversity percentage, (c) Bulbophyllum brienianum
population on the branch of Andira inermis at zone I11. Photo credit: Almunah A.M (a & ¢) & BioRender (b)
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Orchids Diversity and the Survivability in the
Built Environment of UNIMAS

The research on the diversity of orchid species
among building complexes in tropical region
were relatively new and limited study has been
done on this topic but the attempts to introduce
various species of orchids outside of their natural
habitat for conservation have been a success
(lzuddin et al., 2018, 2019a, 2019b).
Figuratively, 37 species from this finding was
relatively low compared with the number of
orchid species in Sarawak’s natural areas as such
kerangas forest, limestone forest and mixed
dipterocarp forest were all recorded more than
100 taxa however species in UNIMAS
developed landscapes were closer to the number
of orchid in peat swamp forest in Sarawak: 52
taxa but higher than mangrove forest species:
less than 20 taxa (Beaman et al., 2001; Stephen
et al., 2022). UNIMAS was built upon a natural
lowland forest creating a unique mix of
developed and natural areas where its developed
areas were separated into the main campus and
east campus by a natural forest in between that
stretches for about a kilometre away from each
area. The natural and developed areas on the
campus were constantly altered such as land
clearance for the development of new buildings
and subjected to regular landscape maintenance,
pruning, weeding and mowing. Additionally,
UNIMAS in general experiences higher degree
of temperature as a result of more buildings on
the campus and lower rate of precipitation
compared to natural tropical forests thus, all the
orchid species found in this study can be
categories as resilient types as they have been
adapted to this environment. Their survivability
can be inferred by the ecological attributes of the
UNIMAS campus and the morphological
characteristics of the orchids with their
surroundings. Seeds from species such as
Dendrobium crumenatum, Spathoglottis plicata
and Thrixspermum trichoglottis were observed
to be small, orchid seeds reportedly ranging from
0.1 to 6.0 mm and resulting them to be
lightweight that can be produced massively
inside the seed pod (Barthlott et al., 2014).
Likewise, they would easily be dispersed by
wind and can remain airborne longer and further
away which could facilitate seed distribution in
developed areas (Jersakova & Malinova, 2007).
Where the fate of the dispersed seeds is highly
dependent on the presence of needed factors for
growth such as light, substrate moisture,
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mycorrhizal fungi, mineral nutrients and
temperature on the medium they landed on
(Rasmussen et al., 2015). The orchids on the
campus most likely originated from the adjacent
natural areas and the landscape transitions have
allowed certain species to thrive in the altered
environment. As such, all species were reported
only inhabiting the natural forest of Sarawak
where some of the areas were similar to that in
UNIMAS except  Acriopsis liliifolia,
Bromheadia  finlaysoniana, Dendrobium
crumenatum and Zeuxine strateumatica that
have been knowingly assimilating themselves in
the open disturbed and developed ecosystem
(Beaman et al., 2001; Rewicz et al., 2017). The
occurrence of numeral orchid species in the
UNIMAS campus landscape indicates that its
land and planted trees were providing beneficial
aid to accommodate their growth and
survivability throughout the year. During the
sampling period, the terrestrial species were
mainly found in damp or watery and open spaces
thus creating a better condition for juvenile
orchids to grow. The water from the area would
become a cellular source of electrons for
photosynthesis to occur and the light from open
space help them to boost their photosynthetic
capacity especially by promoting their
vegetative growth such as leaf expansion, stem
extension and chloroplast development (Kami et
al., 2010; Bidlack & Jansky, 2017). Moreover,
orchids have been reported to have lack of
competitiveness and would thrive the best in area
that has undergone land clearance in which there
would be less struggle for orchids to uptake the
nutrient that available in the area (Adamowski,
2006). Thus, reflecting the incidences of
terrestrial orchids in this study that were mainly
seen growing at forest fringes and roadside
perimeters in which they were mainly covered
with grasses or not more than three species of
plants existing in the area. Apart from that,
orchids are known to be associated with the
presence of mycorrhizal fungi (McCormick &
Jacquemyn, 2013). Therefore, the occurrence of
terrestrial orchid species to some extent marked
the existence of the mycorrhizae in the UNIMAS
soil ecosystem. Mycorrhizal fungi were
important towards orchid’s seed germinations by
providing exogenous ‘endosperm’ for nutrient
supply to the seed growth until they reach
photosynthetic phases (Arditti & Ghani, 2000;
Jersakova & Milanova, 2007; Go & Raffi, 2017).
Moreover, high number of epiphytic orchid
species on the campus indicated the abundance
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of mycorrhizal fungi inside the planted
landscape trees of UNIMAS as trees in
developed areas have been reported able to
support the growth of orchid mycorrhizal fungi
as well as orchids growth (lzuddin et al., 2018,
2019b). The seeds of epiphytic orchids would
land on the tree barks of planted landscape trees
of UNIMAS and get trapped within the bark
crevices and can persist for years and remain
viable even after experiencing different urban
conditions (lzuddin et al., 2019b). Thus, the seed
will germinate when their surrounding
environments are suitable for their growth, in
this case, the campus environment was proved to
be favourable for the orchids to grow thus their
significant incidences number throughout the
campus developed landscape.

Three epiphytic species with higher FP% and
Ol1% were observed to have larger pseudobulb
namely D. crumenatum, P. biglandulosa and A.
liliifolia in which the capability and efficiency of
plants in storing water were reportedly increased
with pseudobulb size (Li & Zhang, 2019) thus
improving their survivability during dry season.
Orchids species in the campus were likely
exposed to harsher environment compared to
forest as developed area were drier, hotter and
windier (Chow et al., 2019) therefore by having
modification on their organ such as fleshy
leaves, roots and stems especially in epiphytic
species were helpful to accommodate their
growth in the adverse climate. These
modifications weren’t only used to facilitate
water uptake, but also nutrient absorption and
storage as well as to reduce desiccation (De &
Biswas, 2022). Orchids with high FP% were
usually seen flowering and fruiting throughout
the year and a similar phenomenon was reported
in  (Adamowski, 2006) where orchids in
anthropogenic habitats were regularly and
abundantly generating their reproductive
structure. It has also been reported that a higher
degree of urbanization initiates plants to advance
their phenological phases such as leaf
development, flowering and fruiting (Wohlfahrt
et al.,, 2019). Orchid’s fertilization success in
developed areas where its pollinator diversity
was reduced (Wenzel et al., 2019) was eased by
having their pollen packed into pollinaria which
helped to increase the efficacy of pollen transfer
(Johnson et al., 2005). This will allow orchids to
produce numerous young recruits annually and
able to increase their population size thus
explaining why species with high FP% also have
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higher incidences (OI%). However, the
population expansion of epiphytic species would
rely more on the availability of phorophytes
around the premises likewise, the campus
offered more than 1800 individual trees that can
support the existence of this epiphytic orchid.
Among the 41 species of phorophyte that were
able to host the epiphytic orchids four of them
have been reported to be the phorophyte for
orchids. The species were namely Alstonia
scholaris, Ficus benjamina, Tabebuia rosea and
Samanea saman as well as genera Andira,
Cinnamomum, Lagerstromia, Mangifera, Mesua
and Syzygium (Trapnell, 2006; Wood, 2014;
Choden et al., 2021; Rahayu & Yusri, 2022).
This suggests the inclination of epiphytic orchids
species in choosing certain phorophytes among
other available tree species given they were
occupying the same premises especially in a
developed areas where the trees were planted
prior and this preferable phorophyte species
might have morphological characteristic such as
bark rugosity, diameter, water holding and
retention capacity and light penetration that can
support the attachment and growth of orchids
(Callaway et al., 2002; Soetopo & Utami, 2020).
It also opens the possibilities of planting known
or suitable phorophyte will harbour more diverse
epiphytic species including orchids (Sayago et
al., 2013). The result on species richness on
phorophyte (Andira inermis) was profoundly on
the crown strata of host tree which it was dense
with the branches and twigs. This would provide
an area for seed landing and population
colonization as the angle between branches
enables dust and leaf litter to accumulate and
decompose thus supplying nutrients for the
orchid to enhance their growth (Mojiol et al.,
2009; lzuddin et al., 2018). Apart from that, the
high distance of the crown from the ground
would help the epiphytic orchid to reach for
better light requirements as they were unable to
extend their biomass to reach from the ground to
the canopy (Spicer & Woods, 2022).

CONCLUSION

Overall, this study presented a total of 37 species
of orchids has been found in UNIMAS and the
phorophyte species for the epiphytic orchids
were successfully identified. The general
characteristics of the orchids to sustain their
survivability in the campus area were discussed.
The list of the orchid species provides an insight
of the resiliency of certain species towards
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habitat alteration and the epiphytic dependency
on the phorophyte species to survive in campus
area. Despite the rapid urbanization progress, we
hope to raise awareness on orchids conservation
and preservation program as it will help to curb
the issues involving habitat destruction and
illegal activities done towards the orchids.
Furthermore, the study on urban orchids was still
relatively low and more variables and
parameters should be studied for orchids in their
urban ecosystem to provide more information
for further research.
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ABSTRACT

In this review, we explore the understanding of habitat complexity influencing the bird community with a special
focus on Malaysia’s recent case studies. Malaysia is one of the mega-diverse countries because it is gifted with the
beauty of biodiversity. However, biodiversity resources are greatly affected by human activities such as mining
operations, agricultural expansion, timber extraction, and hunting activity. In bird ecological research, habitat
complexity is crucial because it affects biodiversity overall within species interactions and resource availability by
evaluating environmental features including floristic composition and habitat heterogeneity. The positive
relationship between habitat complexity and species diversity has been extensively documented. Complex habitats
provide a variety of resources and niches, allowing different species to coexist. However, the advanced research
methodologies, long-term monitoring, and a more nuanced understanding of the specific ecological processes
influencing bird populations should be well emphasized. This review intends to fill in the gaps by critically
analyzing potential conservation management strategies that might be adopted to increase habitat connectivity and
minimize the negative effects of habitat loss on bird community structures in Malaysia.
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INTRODUCTION subsequently  developing a profound
understanding of the complex interactions

This paper review provided an overview of between birds and their surroundings. Malaysia

previous research on the definition of habitat
complexity, the relationship between habitat
complexity with species diversity and its effect
on species diversity. This review next went over
the analysis of 20 chosen papers from 2012 —
2022 about the habitat complexity of avian
community structure in Malaysia. In addition,
various topics have been covered in
understanding habitat attributes used to measure
habitat complexity and its impacts on bird
diversity, the recent studies, gaps and future
needs in the study of bird ecology as well as the
potential conservation efforts and their
implication to the conservation of bird
populations in Malaysia.

For decades, researchers have been enthralled
by various avian groups found in Malaysia,

has the privilege to research the effect of habitat
complexity in determining the distribution of
bird communities as it is one of the mega-
diversity countries in the world. Data from the
Avibase (2022) database shows that Malaysia
has 852 bird species belonging to 101 families,
of which 18 are endemic species, 76 species are
globally threatened and 17 are introduced
species while Malaysia Nature Society (2022)
issued the latest number with 814 bird species.
Moreover, biodiversity resources are greatly
affected by human activities such as mining
operations, agricultural expansion, timber
extraction, and the hunting of wild animals
(Scanes, 2018, Atikah et al., 2021). In Peninsular
Malaysia, most pristine lowland dipterocarp
forests have been exploited or harvested for
timber business and development on commercial
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crops and plantation areas (Atikah et al., 2021).
All these activities have surely reduced the
diversity of the fauna to the extent that reflects
the degree of habitat disturbance.

The spatiotemporal distribution of several
important environmental resources influences
the abundance of bird species. Moreover, the
richness and diversity of bird species in
terrestrial landscapes are directly correlated with
habitat structure and floristic features; larger
regions typically have a wider variety of habitats
that different bird species can occupy (Mohd-
Azlan et al., 2015). Studies have demonstrated a
connection between distinct bird species and
various habitats. Birds are utilized as surrogates
for determining the effects of habitat alteration
because of their quick reaction to changing
environments, which makes them ideal
indicators of habitat quality, productivity, and
stability (Vallecillo et al., 2016). Hence, they are
considered the most sensitive ecological
indicators of the health of an ecosystem.

Understanding how various factors impact
biodiversity is becoming more critical
considering rapid ongoing global trends. It is
essential to have a thorough knowledge of the
relationships between habitat and fauna to
manage the animal habitat, restore ecosystems,
and support conservation practices (Morelli et al.,
2013; Stirnemann et al., 2015). According to
Stirnemann et al. (2015), most of the researches
only focused on the correlations between the
distribution and richness of species to the habitat
offered by the physical structure of vegetation
focusing on the quantity (e.g., cover area) rather
than the complexity of habitat.

In conclusion, for successful conservation
and management methods in Malaysia, it is
critical to comprehend the impact of habitat
complexity and variety on bird populations.
Recent research has emphasized the significance
of habitat variability in fostering robust bird
groups and the beneficial association between
habitat complexity and avian diversity
(Stirnemann et al., 2015). Malaysia may work to
protect and restore various habitats by
incorporating these findings into conservation
planning, assuring the long-term survival of its
outstanding bird species.

Definition of Habitat Complexity
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In ecology, habitat complexity does not have a
single definition of complexity - probably, there
will never be one (Loke and Chisholm, 2022).
Some researchers like Loke and Chisholm
(2022), Carvalho and Barros (2017), Loke et al.
(2015), Stein and Kreft (2015), Kovalenko et al.
(2012) and Tokeshi and Arakaki (2012) have
chosen their own preferred definition because of
this ambiguity or have resorted to intuition.
Furthermore, Kovalenko et al. (2012) stated that
understanding how habitat complexity affects
species distributions and trophic interactions is
constrained by the ambiguity surrounding the
terminologies used to define it, the metrics used
to assess it, and the scales at which it is measured.
The idea of habitat complexity indicates the
coexistence of several "kinds" of elements that
comprise a habitat — encompassing the presence
of physical, structural and compositional
features (Tokeshi and Arakaki, 2012; Loke et al.,
2015; Loke and Chisholm, 2022). Carvalho and
Barros (2017) indicated "habitat complexity" as
a measure of the absolute abundance of physical
or structural components in a certain area — even
in marine ecosystems. In addition, Carvalho and
Barros (2017) conceptualized habitat complexity
as a multidimensional measure that relates to a
range of quantitative traits (such as the size,
density and number of various structural
elements) and qualitative traits (such as the
composition or spatial arrangement of structural
elements) of habitat attributes that may interact
and have an impact on ecosystems at different
levels. Moreover, Stein and Kreft (2015)
proposed “"habitat complexity" refers to
vegetation including habitat structure and
physical components — a multidimensional
measure that incorporates a variety of factors
such as landscape  structure,  spatial
heterogeneity and resource distribution.

There are many approaches to measure or
quantify the complexity of natural habitats so we
can better understand how habitat complexity
study was studied. Tokeshi and Araki (2012)
emphasized that fractal geometry has been used
to characterize habitat complexity by providing
the hierarchical organization, spatial
arrangement, and ecological processes occurring
within the habitats. The multidimensional
measure should be considered by including
physical, chemical, and biological components
while measuring the complexity of the habitat
(Kovalenko et al., 2012; Carvalho and Barros,
2017). Other than that, other methods mentioned
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to quantify the habitat complexity — structural,
functional, and landscape heterogeneity
measurement (Stein and Kreft, 2015; Loke and
Chisholm, 2022) while Loke et al. (2015) added
feature artificial structure to enhance habitat
complexity.

To conclude, habitat complexity can be
defined as the existence of various components
while considering the structural, physical and
arrangement features (i.e., resources availability,
soil type, vegetation, elevation, and climatic
condition) within a habitat which can be
influenced by fractal patterns to be quantified
using several measures. Moreover, habitat
complexity plays an important role in supporting
biodiversity, the process of ecology, and
conservation efforts because it can promote
species richness and abundance as well as whole
ecosystem health by providing more resources,
niches, and microhabitats.

Relationship between Habitat Complexity
and Species Diversity

The link between spatial environmental
complexity and species diversity is a prominent
topic in the field of ecology, evolution, and
biogeography. Habitat complexity can arise
from a variety of factors, such as structural
heterogeneity, topographical variability, and the
presence of biotic factors such as other species
and their interactions. Since then, many studies
have examined how environmental
heterogeneity affects a wide range of taxonomic
groups in many terrestrial and aquatic systems.

The habitat-heterogeneity theory, first put
forth by MacArthur and MacArthur (1961),
contends that a rise in the variety of habitats
might result in a rise in species diversity. They
explained when habitats are large enough to
support  various populations, then habitat
variation may benefit diversity in some ways.
The relationship between habitat complexity and
species diversity has frequently been attributed
to the surface area effect - ecosystems with
greater levels of complexity typically create
more favourable conditions for supporting
higher species diversity (Kovalenko et al., 2012;
St. Pierre and Kovalenko, 2014). Besides,
Tokeshi & Arakaki (2012) added that a greater
range of habitable area sizes might be available
to species with a wider range of body sizes,
hence promoting the richness of species, while
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Stein & Kreft (2015) suggested the idea that
habitat complexity in abiotic or biotic
environments expands the amount of available
niche space, which permits more species to
coexist. For example, greater vegetation density
in a forest canopy can provide a range of
microhabitats for insects, birds, and mammals,
leading to greater species richness and diversity
(Ghadiri et al., 2012). Similarly, coral reefs with
more complex structures, such as branching or
tabular corals, tend to support higher
biodiversity than simpler reef structures
(Komyakova et al., 2018).

Recent studies have also shown that habitat
complexity can be influenced by the functional
diversity of species in ecosystems. Functional
diversity is the wvarious ecological roles
performed by different species including nutrient
cycling, predation even pollination. Greater
habitat complexity can enhance the diversity of
functional traits in a community (Pease et al.,
2012; Schmera et al., 2017), leading to greater
functional redundancy and resilience in the face
of disturbances such as climate change or habitat
loss. For instance, a recent study by Coutinho et
al. (2021) discovered that habitat complexity in
the form of diverse microhabitats increased the
functional diversity of bee colonies in
agroecosystems. The study showed that bee
species with different functional characteristics
such as body size and foraging habits, were more
likely to occur in agroecosystems with greater
habitat complexity - which improved the
functional diversity and stability of the bee
community.

Even though there is a usually positive
relationship between habitat complexity and
species diversity, there are also some
circumstances where increased complexity of
habitat may not necessarily be advantageous to
higher diversity. For example, in some cases as
Fletcher et al. (2018) and Regolin et al. (2020),
habitat fragmentation can increase the edge
habitat and lead to higher habitat complexity, but
this may not necessarily affect higher species
diversity. Likewise, the effectiveness of habitat
complexity in supporting diverse communities
may be reduced by the presence of invasive
species (Schirmel et al., 2016) or other biotic
stressors (Mayor-Pinto et al., 2016; Michel et al.,
2016).

In conclusion, habitat complexity is
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important in maintaining species diversity in
ecosystems. Greater habitat complexity provides
a wider range of resources and niches for
organisms, which can increase species richness,
functional  diversity, and resilience to
disturbances. Recent studies have shown that
habitat complexity can also influence the
functional diversity of communities (Pease et al.,
2012; Schmera et al., 2017; Countiho et al.,
2021), highlighting the importance of preserving
and restoring complex habitats to maintain
biodiversity in the face of global environmental
change.

Effect of Habitat Complexity on Species
Diversity

A major factor in the loss of biodiversity
worldwide is habitat destruction. Given the
correlation between habitat complexity and
biological richness, destruction involving
structural simplification usually accounts for a
significant portion of this loss. Numerous studies
that evaluate the complexity of habitats only
concentrate on the existence or absence of
complex structures or a particular part of the
complexity, most frequently the density of
structural parts (St. Pierre & Kovalenko, 2014;
Stirnemann et al., 2015). They added even
though the mechanisms underlying this benefit
are not fully understood, possible explanations
include increased niches because of increased
microhabitat availability, higher productivity,
and a sampling effect linked to a larger surface
area needs to be emphasized. Thus, Hanz et al.
(2019) stated a study of the morphological
diversity of species groups concluded that in
more complex habitats, both group niche area
and individual species niche constriction
increase, which agrees with the bigger niche
space hypothesis.

The environment contains a greater variety of
habitats and microhabitats often lead to habitat
complexity. Higher species diversity is the
outcome of the variety of habitats because they
produce niches and resources that may be used
by various species for shelter, food resources or
even nesting sites. For instance, the complexity
of the habitat in a forest ecosystem can be
reflected in the diversity of tree species, tree
diameters, canopy cover, understory vegetation,
fallen logs, and standing dead trees. Research by
Regnery et al. (2013) focused on tree
microhabitats in the forest and showed tree
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cavities and cracks on a tree can support
important microhabitats for cavity-nesting bird
and bat species. Paillet et al. (2018) commended
that tree cavities found in forest can be important
for cavity-nesting birds and bats while cracks
and loose barks were particularly relevant for
saproxylic beetles. This structural variety allows
various species to fill distinct niches within the
microhabitats in the forest, supporting a greater
variety of species. Besides, abundant resources
allow more species to live within the same
macrohabitat. When the heterogeneity of habitat
occurs, it can provide more different resources to
occupy different species so it can reduce
competition and promote species diversity too.
For example, in a coral reef environment,
different species of coral-associated fishes can
be found inhabiting different coral species.
Wehrberger and Herler (2014) concluded that
corals reef can be settled with different types of
coral species with a variety of structural
complexity such as body size or crevices size
that may be occupied by different species of fish
based on their body sizes; compared to fish
living in less complex reef corals, those linked
with more complex microhabitats had distinct
body morphologies of fishes.

However, it is believed that the presence of
habitat complexity does not promise high
species diversity in an area due to other
environmental factors such as global warming
and anthropogenic disturbance which causing
habitat loss, especially the fragile microhabitats.
Coral reefs are an example of a complex
environment that may be extremely sensitive and
fragile to many anthropogenic influences. For
instance, coral bleaching episodes brought on by
climate change may result in coral cover loss and
a consequent drop in reef complexity (Graham,
2014; Pratchett et al., 2018). Fish that depend on
coral for refuge and feeding is frequently
affected by coral bleaching due to the loss of
structural complexity and habitat availability.
Reduced fish numbers and variations in species
richness can result from the loss of preferred
habitats, with certain specialised fish species that
depend on coral being particularly vulnerable
(Graham, 2014; Pratchett et al., 2018). While
Novoa et al. (2021) stated structurally temperate
forest habitat served partitioning niches to cater
different types of birds with specific refuge,
foraging and nesting needs can be destroyed by
fire disturbance that naturally occurred by
lightning and all the others were unintended
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ignition by humans. They added after the fire
episodes, the vegetation height and plant species
abundance deteriorated respectively leading to a
decline in overall bird diversity. Besides,
environmental factors such as elevation cannot
ensure the presence of habitat complexity
supports high species diversity. As elevation
increases, the habitat becomes less complex —
foliage height and vegetation patches decreased
can lead to the decline of bird diversity since
fewer niches and food source availability as
elevation is getting higher (Sam et al., 2019).

MATERIALS AND METHODS

In this review article, the available literature by
topic was searched using the Google Scholar
databases from 2012 to 2022 and Preferred
Reporting Items for Systematic Reviews
(PRISMA) was performed to identify
publications studying habitat complexity
influencing bird community structure in
Malaysia. We limited our search to peer-
reviewed, articles in English, excluded reviews
and grey literature (e.g., theses, technical reports,
institutional dossiers) and used the combination
of keywaords to examine (i) correlations between
habitat complexity, bird diversity and its
conservation implications and (ii) habitat
attributes used to measure habitat complexity
that influencing bird community structure. The
following keyword combinations were used for
the search: "habitat complexity" AND
"conservation" AND "bird diversity". An initial
search resulted in 822 articles, which were
limited to 20 articles after filtering with
additional keywords such as “Malaysia” and
“point counts”. Then the 20 chosen articles have
been analyzed using Critical Thinking method to
point out the main findings, sampling area,
methods used, strengths and limitations of the
studies into table (refer Supplementary Material:
Table S1).

Habitat Complexity on Avian Community
Structure in Malaysia

Measuring Habitat Complexity and its Impacts
on Avian Community Structure

Successful  conservation and management
strategies depend on having a thorough
understanding of the intricate interactions that
exist between birds and their habitat. Because it
affects the availability of resources, interactions
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between species, and biodiversity, habitat
complexity is crucial in influencing the
composition of bird groups. We shall examine
the ideas of habitat complexity and its
significance in studies of avian ecology. With
the use of information collected from several
studies carried out in Malaysia (refer to
Supplementary Material, Table S1), different
habitat characteristics are used to gauge habitat
complexity. The subject matter will be supported
by the cited publications, which offer insightful
illustrations and proof.

Habitat attribute is defined as any living or
non-living feature of the environment such as
vegetation types, availability of food sources,
temperature, moisture levels and shelter that
provides resources necessary for a species in a
particular habitat. Researchers have developed
several variables to measure habitat complexity
and evaluate its impacts on bird community
structure. The floristic structure is one of the
essential characteristics used to determine
habitat complexity. In a selectively logged hill
dipterocarp forest, Atikah et al. (2021)
investigated the impact of vegetation structure
on bird biodiversity. They found a significant
correlation between bird species richness and
abundance with habitat complexity, as measured
by variables such as canopy cover, tree density,
tree height and understory density. For instance,
certain bird species may favour areas with dense
undergrowth for nesting, while others may thrive
in open canopy spaces for aerial foraging. In
addition, microclimate factors are another
characteristic to measure habitat complexity. For
example, Rajpar and Zakaria (2015) delved into
the relationship between bird populations and
microclimate conditions such as temperature,
humidity and wind patterns in shrub and open
areain Selangor, Malaysia. Additionally,
specific habitat variables, including the
availability of perching sites, nesting materials,
and foraging opportunities, play a pivotal role in
shaping bird communities through their study.
They suggested the diversity of birds can be
positively impacted by adding bird-friendly
elements to open spaces, such as creating
artificial perching spots or keeping a range of
plant species in shrub environments. Besides,
Shafie et al. (2022) found different feeding
guilds provide valuable insights into the trophic
dynamics of the ecosystem, indicating the
availability and diversity of food resources
within the habitat. Differences in tree density,
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canopy cover, understory vegetation, elevation
gradients, the presence of microhabitats such as
fallen logs, seasonal variability and biotic
interactions could influence the diversity and
abundance of bird species (Shafie et al., 2022).
Thus, a more complex habitat structure can
provide a greater variety of niches, supporting a
diverse community of birds with distinct habitat
preferences.

Maintaining different bird populations and
fostering environmental stability depends on
habitat complexity. A habitat's inclusion of
different structural components and vegetation
offers birds a wvariety of resources, such as
nesting spaces, feeding opportunities, and
protection from predators. Atigah et al. (2019)
shed light on the intricate interplay between
birds and tree species within oil palm
agroforestry landscapes. They indicated the
presence of different tree species provides a
range of resources such as fruits, insects, and
nesting sites, catering to the diverse dietary and
nesting preferences of various bird species.
Moreover, the vertical and horizontal
heterogeneity in tree structures, including tall
emergent trees, mid-story canopy layers, and a
well-developed understory, offers birds a diverse
array of perching, nesting, and foraging options
(Atigah et al., 2019). Hence, conservation
strategies that prioritize maintaining a rich
diversity of tree species and structures within oil
palm agroforestry landscapes can thus contribute
significantly to bird conservation. As well,
Razak et al. (2020) also showed that
smallholdings with high oil palm productivity
fostered significant avian species diversity and
various feeding habits, demonstrating the
beneficial ~ association  between  habitat
complexity and bird populations. High oil palm
yield may indicate favourable conditions, such
as adequate vegetation structure, sufficient food
resources, and a relatively stable environment
(Razak et al., 2020). Next, Azhar et al. (2014)
revealed that monoculture practices,
characterized by the cultivation of a single crop
of oil palm, can have distinct impacts on bird
communities compared to polyculture practices
involving the cultivation of multiple crops like
bananas, coconuts, tapiocas, corns and sugar
canes. Monoculture landscapes may limit the
availability of diverse resources for birds,
leading to a decrease in species richness. They
added that polyculture practices, on the other
hand, offer a more heterogeneous environment,
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providing a broader spectrum of resources
crucial for supporting a diverse bird community.
Integrating such findings into agricultural
practices can help strike a balance between
human needs and the preservation of avian
biodiversity (Azhar et al., 2014).

Numerous studies conducted in Malaysia
have emphasised the beneficial effects of habitat
complexity and variety on the composition of
bird communities. Atikah et al. (2021) found that
enhanced vegetation structure in hill dipterocarp
forests with selective logging had a favourable
impact on bird biodiversity. Furthermore, Shafie
et al. (2022) noted that changes in habitat
complexity in Terengganu's lowland dipterocarp
woods resulted in variances in bird species
distribution and abundance. Moreover, research
has shown how critical habitat complexity is in
supplying nutrients to bird populations.
According to Razak et al. (2020), increased
habitat diversity in agricultural settings can
provide birds with better foraging possibilities
by supporting a vast range of bird species and
varied dietary guilds. Although there are
typically favourable benefits of habitat
complexity and variability in bird community
composition in Malaysia, there are also adverse
consequences related to ecosystem destruction
and fragmentation. The destruction of habitat,
which is a result of anthropogenic practices like
deforestation and agricultural activities, is
harmful to bird groups. Ismail et al. (2012) found
less variety in the avifauna in the man-made
Putrajaya wetlands, which are flanked by urban
and farming areas. Similarly, Azman et al. (2019)
showed that although supporting bird diversity,
paddy fields in Peninsular Malaysia had fewer
species than undisturbed native habitats. Birds'
access to adequate nesting locations, food
supplies, and secure shelter is limited by habitat
degradation and dissipation which harms species
diversity and population levels. Furthermore,
modifications in the complexity of the
ecosystem might affect bird populations by
changing the microclimate. Rajpar and Zakaria
(2015) showed that open-area and shrub areas
exhibited distinctive microclimate features,
affecting bird numbers and species diversity.
Bird numbers, nesting success, and the capacity
to locate food and shelter are all impacted by
changes in daily temperature, humidity, and
plant structure brought on by habitat changes.
These results underline how crucial it is to
preserve habitat complexity and reduce habitat
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loss to guarantee the long-term survival of bird
groups in Malaysia.

To sum up, habitat complexity demonstrated
avital role in shaping bird community structures.
Various habitat attributes such as floristic
structure, microclimate conditions, and specific
habitat variables significantly influence bird
species richness, abundance, and distribution
since they can provide essential resources for
nesting, feeding, and protection within the
habitat.  conservation initiatives  should
concentrate on protecting and rebuilding habitats
with various structures and compositions to
lessen the detrimental impacts of habitat loss and
fragmentation on bird populations. To preserve
robust and healthy bird populations in Malaysia,
it is vital to promote habitat connectivity,
safeguard crucial areas for avian biodiversity,
and apply sustainable land utilization practices.

Recent Studies, Gaps, and needs on Avian
Ecology in Malaysia

The bird population in Malaysia is remarkably
diverse and is important to ecological research.
The composition, number, and ecological roles
of bird populations have been extensively
studied in a variety of ecosystems in Malaysia.
These findings highlight how crucial it is to
preserve and comprehend bird groups to manage
and conserve the environment. The selected 20
papers from 2012 to 2022 showed a variety of
studies on bird ecology that focused on habitat
complexity. Table S1 shows the ideas of critical
thinking within the chosen papers.

It has been discovered that differences in
vegetation systems have a major influence on the
diversity and composition of bird communities
(Amir et al., 2015; Atikah et al., 2021). They
highlighted the need for an understanding of
avian responses to diverse environments
considering not only land use but also specific
structural elements within habitats. The link
between bird richness and climatic attributes
(temperature, humidity and wind patterns) and
habitat factors (perching sites, nesting materials
and foraging opportunities) has also been
investigated, indicating the various impacts that
various environments have on avian community
structure (Rajpar & Zakaria, 2015).

Butsome research gaps must be studied.
For instance, further research is needed
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to comprehend the impact of habitat complexity
in altered landscapes like agricultural
ecosystems (Kadir et al., 2021; Atigah et al.,
2019; Azhar et al., 2024). Furthermore, little is
known about how populations of nocturnal bird
species react to habitat complexity (Yahya et al.,
2020). Further research is required to fully
understand how habitat complexity affects bird
populations specifically in fragile microhabitats
like mangrove environments (Amir et al., 2015;
Mohd-Azlan et al., 2015).

Understanding the spatial dynamics of bird
populations is crucial for effective habitat
management and conservation, especially in
landscapes undergoing rapid changes. Future
studies could focus on incorporating more
precise environmental variables, considering
seasonal  fluctuations and  microclimatic
conditions that may influence bird behaviour,
breeding success and overall population
dynamics by employing advanced modelling
techniques and monitoring technologies to
improve, predict and mitigate an effective
conservation management strategy for bird
populations (Rajpar and Zakaria, 2015; Martins
etal., 2021).

In summary, studies in the future should
concentrate on longer observations to determine
conservation measures and investigate spatio-
temporal dynamics to narrow these gaps. The
effect of habitat complexity on bird community
structure across various habitats and land-use
types must also be fully understood by requiring
a multi-faceted approach, including advanced
research methodologies, long-term monitoring,
and a more nuanced understanding of the
specific ecological processes influencing bird
populations. Addressing these gaps will not only
contribute to academic knowledge but will also
enhance the effectiveness of conservation
initiatives, ensuring the sustained health of avian
communities in the face of environmental
changes and anthropogenic pressures.

Prospective Conservation Management and its
Conservation Implications

Future strategies that take habitat complexity
and varieties into account are required for the
conservation control of bird populations in
Malaysia. By promoting a mix of local plant
species, adopting varied crop structures and
polyculture  approaches to  agricultural
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landscapes can mimic natural habitats and then
provide more suitable homes for avian species
such as granivorous, fructivorous and
insectivorous species (Azhar et al., 2014; Atigah
et al., 2019). Next, technology improvements
provide conservationists with useful tools.
Important information on habitat features, shifts
in the landscape, and species dispersion may be
obtained via remote sensing, GIS, and satellite
imaging (Amir et al., 2015; Atikah et al., 2021;
Martins et al., 2021). Besides, Martins et al.
(2021) and Azhar et al. (2014) added that
sophisticated  statistical  techniques and
occupancy modelling enhance and provide a
robust framework for assessing habitat
preferences, population trends, and the impact of
environmental variables on bird species also
aiding in evidence-based conservation decision-
making. Moreover, conservation players or
shareholders may acquire accurate knowledge of
habitat complexity and prioritize conservation
actions by fusing these technologies with field
studies. Additionally, community involvement
and citizen science programmes or online open
crowd-source communities such as eBird,
Inaturalist and BirdNet are essential for bird
conservation (Puan et al., 2019; Razak et al.,
2020). Other than that, the feeling of ownership
and mutual accountability for habitat
rehabilitation initiatives is fostered by engaging
local people in bird population observation and
monitoring as well as awareness-raising through
educational programmes (Ismail et al., 2012).

Marini et al. (2019) underlined the concept of
species-habitat networks that emphasizes the
interconnectedness of complexity of habitats
with bird diversity and highlighted the need for
a holistic approach to landscape management.
They suggested establishing and preserving
ecological corridors that link habitats that can
facilitate the movement of bird species so it can
enhance genetic diversity, reduces
fragmentation, and provide birds with access to
various resources throughout their life cycles.
While Fraixedas et al. (2020) asked to strengthen
a comprehensive bird monitoring program
among scientists, conservationists, and citizen
scientists to track bird populations, identify
trends, and assess the impact of habitat
management strategies because the continuous
monitoring allows for adaptive conservation
practices that respond to changing conditions
and emerging threats.
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In  conclusion, ecological connection
conservation, technology improvements, and
local involvement are crucial for the
management of bird conservation in Malaysia.
Malaysia may increase habitat complexity and
variability, eventually protecting its bird species,
by embracing polyculture cropping, recovering
ecological corridors, using technology for
surveillance and empirical studies, and involving
local people. By putting these strategies into
practice, Malaysia may increase habitat
variability and complexity, both of which have a
favourable impact on the structure of bird
communities and promote the long-term
preservation of its avian biodiversity.

CONCLUSION

The complexity of the habitat is important in
avian ecology study because it influences
resource availability and interactions among
species as well as biodiversity as a whole. By
analyzing environmental characteristics like
floristic composition and habitat heterogeneity,
researchers may learn more about the
interactions  between  birds and their
surroundings. Future studies should focus on
longer-term observations of the impact of habitat
complexity on bird community structure across
a range of habitats and land-use types to identify
conservation priorities and fill in knowledge
gaps. Moreover, a study into the functional
relationships between bird species and their
habitats, as well as the application of research
findings in conservation contexts, will lead to an
improvement in conservation and management
techniques.  Adopting  sustainable  land
management practices, restoring ecological
connectedness, utilizing technology
improvements in monitoring and research, and
encouraging citizen science and community
involvement are potential strategies for
managing bird conservation in Malaysia.
Malaysia can work towards successful habitat
management and the preservation of its abundant
bird species by putting these future strategies
into practice.
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ABSTRACT

Anuran skin preserves all functional activities, especially for respiration and water regulation. Duttaphrynus
melanostictus and Fejervarya limnocharis are the common species found in Borneo lowlands and are well-adapted
to humans. Hence, they can reproduce quickly and rapidly in great numbers in the urban area. This study aims to
select these urban-type anurans and describe the skin structure and glands. Four regions of skin samples were
obtained, namely Dorsal Head (DH), Dorsal Centre (DC), Ventral Head (VH) and Ventral Centre (VC). The
microscopic slides were prepared accordingly as in the histological techniques including skin grossing, fixing,
processing, embedding, sectioning and were stained with Haematoxylin and Eosin staining. The seromucous
glands are most prevalent in all four regions for both species. Parotoid glands are clearly visible in the skin structure
of D. melanostictus, while there is a lack of parotoid glands in F. limnocharis. Nonetheless, F. limnocharis contains
regular rows of glands, whereas the distribution of glands in D. melanostictus is scattered. In addition, D.
melanostictus possess dermal bones, which are absent in F. limnocharis. Since anuran skin is a mucosal surface
that in constant direct contact with the environment, their adaptations to harsh habitats should be reflected in the
skin, particularly in the urban and invasive species in this study.
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INTRODUCTION

An anuran’s skin consists of epidermis and
dermis, which is the largest and heaviest single
organ of the body. Their skin can be described as
the mucosal surface which will be in constant
and direct contact with the aquatic and terrestrial
environments that are microbial diverse and
laden (Varga et al., 2019). Thus, they must be
adapted to the demands of both habitats with
their soft, moist integument. All the functional
activities of the anuran skin are preserved by the
skin of amphibian, which cooperates with the
cardiac and respiratory systems (Zainudin ef al.,
2018). Hence, for efficient cutaneous respiration
and reduced evaporative water losses, their skin
compensates for them by osmotic reabsorption
when in contact with water. In addition, anuran
skin is the essential innate organ of immunity,
constituting a complex network of physical,
chemical, immunological, and microbiological
barriers, serving as the first line of deference
against pathogens in the environment (Varga et
al., 2019). Their skin is composed of a lot of

chemical compounds secreted from the glands
that may play an important role as a defensive
mechanism against potential predators and as a
protection against ectoparasites (Moreno-
Goémez et al., 2014). Most of the anurans have
mucous, granular, and seromucous glands,
which granular glands are also called poison
glands. In the dermal layer, all these glands play
different functions and vary in size and surface
area. Interestingly, toads have parotoid glands
and warts on their skin. When toads are disturbed,
they will secrete a milky and latex-like toxin that
makes them smell nasty and harmful to predators
(Inger et al., 2017). In the same way, toads also
possess the granular gland that aids in protecting
them from enemies and inflict insects that might
harm them.

Duttaphrynus melanostictus, is a stocky and
medium-sized to large true toad belongs to the
family Bufonidae. The dark crests that border the
eyelids and extend downwards on either side of
the eye, as well as the round warts of various
sizes on the back, make D. melanostictus easy to
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be recognised (Inger et al., 2017). The body of
D. melanostictus has a variety of colour of
greyish or reddish brown throughout the
distribution range, without markings other than
the dark edges of the warts (Inger et al., 2017).
Duttaphrynus melanostictus have black-tipped,
hooked toes that lack adhesion pads and webbing
on front toes, and only have extremely small
webbing on hind toes. In addition, this species
lacks the dorsolateral and supratympanic folds
(Jaafar et al., 2009).

Fejervarya limnocharis, is a small true frog
in the family Dicroglossidae. Long, narrow head,
a slender and oval body is the feature of this
species. Based on Inger et al. (2017), the skin is
finely pebbled, with a series of low and
interrupted ridges on the back that form a line of
bumps down the rump and sides. In addition, F
limnocharis lacks a loose skin fold on the outside
of the fifth hind toes but does have a small
metatarsal tubercle (Jaafar et al., 2009). There
are the distinctive brown and white streaks on its
lips. According to Inger et al (2017), F
limnocharis has darker blotches on its rusty
brown to brownish grey in colour back, often
with U- or W-shaped marking between the
shoulders. Majority of them also have a light
stripe down the middle of the back from the nose
to the anus.

As anurans exhibit high levels of genetic
structure, strong habitat association conferred by
ecological and physiological constraints, with
low dispersal ability, they can be described as
excellent models for evolutionary studies (Avise,
2009). Their skin is sensitive to the climatic
factors including temperature and precipitation,
which helps in adapting to changes in the
environment. However, most histological studies
have focused on the family Ranidae,
Megophryidae and Rhacophoridae, and there is
a lack of histological study on the skin structure
of the common Sunda Toad (Duttaphrynus
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melanostictus) and Grass Frog (Fejervarya
limnocharis). As both D. melanostictus and F.
limnocharis are urban anuran species and well-
adapted to human activities and typically inhabit
agricultural areas, drains, road verges, lawns,
and football pitches, they can be easily found in
the lowland of Borneo. This allows them to
reproduce and live in large numbers in urban
area. Usually, the differences between frog and
toad are based on their skin structure. Thus, this
study, these urban-type anurans taken from
similar habitat and distribution were selected to
compare their skin structures. The findings may
aid in the understanding of the adaptation of
these anuran species to urbanisation.

MATERIALS AND METHODS
Study Areas

A total of three study sites in Sarawak were
chosen for sample collection. The study sites
consisted of one protected area, Matang Wildlife
Centre (1°36.917° N, 110°10.470” E), and two
unprotected areas: UNIMAS (1°28.013" N,
110°25.694° E) and Mayor Song Swee Guan
Park (1°31.664° N, 110°22.409’ E).

Field Technique

The field surveys were carried out at night
between 1830 to 2200 hours, during the period
of the anurans are most active. Visual Encounter
Survey (VES) and sound detection were used to
systematically search for anurans. The shine of
anurans’ eyes can be detected with the use of
headlamps, and their calls can assist to locate
them. Important details including the time and
date of capture, microhabitat, and the distance
from the nearest water source were labelled on
the plastic. Besides that, the captured anurans
were measured and identified. The body mass,
snout-vent length (SVL) and tibia-fibula length
(TFL) were taken and recorded (Table 1).

Table 1. Field data of samples analysed in this study for skin structures

No. Field ID Species Date Hour Measurements Age Gender
SVL TFL Weight
(mm) (mm) (2
1 UW193 Fejervarya 2/4/2023 2005 57 29 18 Adult Female
limnocharis
2 MSSGO1 Duttaphrynus 7/4/2023 1936 70 29 40 Adult Male
melanostictus
3 MSSG02 Duttaphrynus 7/4/2023 1943 79 27 42 Adult Female
melanostictus
4 MSSG04 Fejervarya 10/4/2023 2025 52 27 12 Adult Male

limnocharis
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Histological Preparations

After completing all measurement and
identification procedures, two individuals of
Duttaphrynus melanostictus and two individuals
of Fejervarya limnocharis anurans were
euthanised with absolute ethanol. The tissues
were then taken and preserved in absolute
ethanol for the preservation of DNA tissue. The
dorsal and ventral skin of the anurans were taken,
mounted on filter paper, and fixed with 10%
formalin. Six steps were conducted which
include skin grossing, fixing, processing,
embedding, sectioning, and staining.

The initial step in preparing the slide is skin
grossing, in which the skin is cut out and placed
in a casket. The essential step in skin grossing is
fixation with 10% formalin for 24 hours. The
skins were then placed into the processor
machine following the standard protocol. During
skin embedding, the samples were transferred to
the Tissue Embedding Center ‘Tissue-Tek"TEC®’
for skin block preparation. The tissues were
embedded with paraffin for rigidity. The tissues
were more resistant to sectioning because the
paraffin penetrates all intercellular spaces and
even into the cells (Junqueira & Carneiro, 2005).
The block of tissues was trimmed and sectioned
when it had been solidified and hardened. The
thickness of the ribbons is 4.0 um. The ribbon
with the skin tissue was put in 50 °C hot water
and mounted on labelled microscope slides.

As the majority of tissues are colourless, it
will be challenging to observe the unstained
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tissues under a microscope (Junqueira &
Carneiro, 2005). Thus, the modified
Haematoxylin and Eosin (H & E) protocol was
used (Sungif, 2017). The transparent appearance
of the basic structure became pinkish-red with
eosin staining, while haematoxylin stained the
acidic structures purplish-blue. The tissue was
then mounted using Distryene Plasticizer Xylene
(DPX) and covered with a cover slip.

Skin Structure Analysis

All slides were visualised and examined using a
Leica ICC50 HD microscope with 40x
magnification and Leica LAZ EZ software. Four
regions of the skin were analysed (Figure 1 &
Figure 2), including the Dorsal Head (DH),
Dorsal Centre (DC), Ventral Head (VH) and
Ventral Centre (VC). Ten random skin slides in
each of the four regions observed represent the
dorsal and ventral parts of each skin area of frogs
and toads. Thus, there were 40 skin slides (N) for
each individual to be analysed, with 10 slides
each for DH, DC, VH, and VC. Analysis and
measurements were performed using Imagel
1.15k software, with the glands numeration of 10
slides per region counted in units and the gland
area measured in millimetres (mm). The Mann-
Whitney Rank Sum Test was used to distinguish
between D. melanostictus and F. limnocharis
based on the number of glands present and the
area of the glands. The data from the Mann-
Whitney Rank Sum Test were analysed by using
Statistical Package for the Social Science (SPSS)
software.

3 “‘

Figure 1. Dorsal and ventral skin regions of D. melanostictus for histological study. The skin regions were denoted
as: DH-dorsal head, DC-dorsal centre, VH-ventral head, and VC-ventral centre
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Figure 2. Dorsal and ventral skin regions of F. limnocharis for histological study. The skin regions were denoted
as: DH-dorsal head, DC-dorsal centre, VH-ventral head, and VC-ventral centre

RESULTS
Histology of Anuran Skin

Both  Duttaphrynus  melanostictus  and
Fejervarya limnocharis have two skin layers
comprised of the epidermis and dermis (Figure
3). The epidermis layer of the skin in both
species consists of stratum corneum, stratum
spinosum and stratum germinativum, which
serve to distinguish the internal cellular
environment from the external physical
environment. The stratum comeum is the
outermost thin layer of the epidermis, while the
innermost thick layer of the epidermis is called
the stratum germinativum. In addition, the
intermediate layer between the stratum corneum
and the regenerative stratum germinativum layer
is called the stratum spinosum (Varga et al.,
2019). The dermis layer which located below the

epidermis layers, is composed of stratum
spongiosum and stratum compactum. The
stratum spongiosum is the outer layer of the
dermis and is composed of loosely packed
connective tissue. The loose connective tissue
helps in maintaining the presence of glands
including seromucous glands, mucous glands,
and granular glands. The stratum spongiosum of
D. melanostictus is thicker than F. limnocharis,
as the size of glands in D. melanostictus is larger
than in F limnocharis. Furthermore, there is the
presence of ground substance in both species,
which is visible at the basal of the stratum
spongiosum. Besides, the stratum compactum is
made of dense organised connective tissue that
is rich in collagen fibres and fibroblasts (Ponssa
et al., 2017). Stratum compactum also functions
to separate between the skin layer and muscle
layer.

Figure 3. Histological section of the dorsal skin of Fejervarya limnocharis (left) and Duttaphrynus melanostictus
(right), stained using H&E at 40x magnification. M, Mucous Glands; SM, Seromucous Glands; SC, Stratum
corneum; SG, Stratum germinativum; SS, Stratum spongiosum; SCO, Stratum compactum; GS, Ground Substance
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Histology of Anuran Glands

The anuran skin has several essential glands. In
D. melanostictus, there are four types of glands
present, which are mucous, seromucous,
granular, and parotoid glands. Fejervarya
limnocharis, in contrast, has only three types of
glands: mucous, seromucous, and granular
glands. The glands of D. melanostictus are found
to be larger but fewer than the glands of F
limnocharis. In addition, the glands in F
limnocharis are arranged in orderly rows, while
the glands arrangement of D. melanostictus is
scattered. In contrast to the mucous and granular
glands, the seromucous gland is the most
prevalent in both species. Seromucous glands are
mixed glands that consist of mucous and
granular glands. They also include observable
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nuclei at the two layers of the cells. Seromucous
glands also have the acinus that is bordered by
simple and squamous-shaped cells, with
abundant mitochondria. Besides that, mucous
glands lack of cytoplasm in the acinus, giving the
character an empty appearance. Despite having
the same acinus lined by squamous-shaped cells
similar to seromucous glands, this characteristic
can distinguish mucous glands from seromucous
glands. There is a low quantity of mucous glands
found in D. melanostictus and F. limnocharis.
Furthermore, granular glands, also known as
poison glands, have a lumen filled with acinus
that is made up of vacuolated, heterogeneous,
and visible granular material and nuclei (Mills &
Prum, 1984). In both species, the granular glands
have a larger size than other glands (Figure 4).

Figure 4. Glands present in the dorsal skin of Fejervarya limnocharis, stained using H&E at 40x magnification.

SM, Seromucous Glands; G, Granular Gland

The existence of parotoid glands
distinguishes the skin structures of D.
melanostictus and F. limnocharis. This gland is
found only in toad species, including D.
melanostictus. Parotoid glands are made up of an
accumulation of poison-producing granular
alveoli. In this research, the dorsal head of D.
melanostictus contains the structure of parotoid
glands (Figure 5 & Figure 6). Compared to the
granular glands in the other dorsal skin of D.

melanostictus, the granular glands in parotoid
glands (dorsal head) are particularly enormous.
The dermal bones (Figure 7) found in D.
melanostictus are also able to differentiate the
skin structure between D. melanostictus and F.
limnocharis. The dermal bones are clearly
visible in almost all the observed slides of the
dorsal parts (dorsal head and dorsal centre) of D.
melanostictus skin.
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Figure 5. The parotoid gland (dorsal head) of Duttaphrynus melanostictus showing the distribution of granular
glands, stained using H&E at 4x magnification. G, Granular Gland

Figure 6. The parotoid gland (dorsal head) of Duttaphrynus melanostictus showing the distribution of seromucous
and granular glands, stained using H&E at 10x magnification. SM, Seromucous Glands; G, Granular Gland
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Figure 7. Dermal bone present in Duttaphrynus melanostictus, stained using H&E at 40x magnification. SM,

Seromucous Glands; DB, Dermal Bone

Glands Numeration Between Duttaphrynus
melanostictus and Fejervarya limnocharis

As the data in this research are not normally
distributed and the sample sizes are small, the
Mann-Whitney Rank Sum Test is an alternative
to the t-test. The Mann-Whitney Rank Sum Test
is a type of non-parametric test, in which the
ranks of sample data from two independent
populations are taken into account. In the dorsal
head of D. melanostictus and F. limnocharis
(Table 2 & Table 3), there is sufficient evidence
to conclude that there is a significant difference
in the seromucous glands present (U = 8, n; =n»
=20, p=0.001< 0.05 two-tailed) between the two
species at 5% significance level. However, there
are no statistically significant differences in the
number of mucous glands (U = 180, n;=n, = 20,
p=0.298>0.05 two-tailed) and granular glands
(U=190,n;=n, =20, p=0.681 >0.05 two-tailed)
between the skin structures of D. melanostictus
and F limnocharis.

The analysis of gland numeration reveals no
significant difference in the granular glands (U =

191.5, n;=n, =20, p= 0.689 >0.05 two-tailed) at
the dorsal centre. Conversely, the significant
differences in the mucous and seromucous
glands present in the skin structure of D.
melanostictus and F. limnocharis were observed,
with values of U= 160, nj=n, =20, p=0.037 <
0.05 two-tailed and U =24, n;=n, =20, p=0.001
<0.05 two-tailed, respectively. Additionally, it
was discovered that the significant difference in
the seromucous glands between these two
species was found greater than the significant
difference in the mucous glands between the skin
structures of D. melanostictus and F. limnocharis.

In the ventral head, there is a significant
difference only in the seromucous glands (U =
15, n; = n; = 20, p= 0.001 < 0.05 two-tailed)
between the skin structures of D. melanostictus
and F. limnocharis at 5% significance level. The
mucous (U = 180, n; = n, = 20, p=0.152 >0.05
two-tailed) and granular glands (U=190, n; = n,
= 20, p=0.317 >0.05 two-tailed) do not show
statistically significant differences.
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Table 2. Summarised data of numeration of glands on the dorsal head, dorsal centre, ventral head, and ventral
centre between Duttaphrynus melanostictus and Fejervarya limnocharis

Skin Area Types of Number of Glands Mean N Standard ~ Median
Glands F limnocharis  D. melanostictus Deviation

Dorsal Head Mucous 3 1 0.1 40 0.30382 0
Seromucous 88 26 2.85 40 1.86121
Granular 4 3 0.175 40 0.38481

Dorsal Centre  Mucous 4 0 0.1 40 0.30382 0
Seromucous 77 31 2.7 40 1.57219
Granular 3 3 0.15 40 0.42667

Ventral Head Mucous 0 2 0.05 40 0.22072
Seromucous 75 38 2.825 40 1.21713 3
Granular 0 1 0.025 40 0.15811

Ventral Centre  Mucous 6 0 0.15 40 0.42667 0
Seromucous 77 39 2.9 40 1.35495 3
Granular 0 2 0.05 40 0.22072

Both mucous (U =150, n;=n, =20, p=0.018
<0.05 two-tailed) and seromucous glands (U =
35, n; = n; = 20, p=0.001<0.05 two-tailed)
present in the ventral centre of D. melanostictus
and F. limnocharis skin structure show a
significant difference at 5% significance level.
There is no significant difference in the number
of granular glands present in the skin structure
between D. melanostictus and F. limnocharis

with the value of U =180, n;=n, =20, p=0.152 >
0.05 two-tailed.

It can be concluded that the number of
seromucous glands in four regions (dorsal head,
dorsal centre, ventral head, and ventral centre) of
D. melanostictus and F. limnocharis skin
structure showed a significant difference and
able to distinguish between D. melanostictus and
F limnocharis.

Table 3. Summarised Mann-Whitney Rank Sum Test statistics of numeration of glands on the dorsal head, dorsal
centre, ventral head, and ventral centre between Duttaphrynus melanostictus and Fejervarya limnocharis

Skin Area Dorsal Head Dorsal Centre Ventral Head Ventral Centre
M SM G M SM G M SM G M SM G

Mann- 180 8 190 160 24 191. 180 15 190 150 35 180

Whitney 5

U

Sig. 0.29 0.00 0.68 0.03 0.00 0.68 0.15 0.00 031 0.01 0.00 0.15

8 1 1 7 1

9 2 1 7 8 1 2

Notes: M= Mucous Glands, SM= Seromucous Glands, G= Granular Glands

Area of Glands Between Duttaphrynus
melanostictus and Fejervarya limnocharis

The area of glands between D. melanostictus and
FE limnocharis was tested by using the Mann-
Whitney Rank Sum Test (Table 4 & Table 5).
There is only a statistically significant difference

can be observed in the dorsal head, which is the
area of seromucous glands (U =51, n;=n, = 20,
p=0.001<0.05  two-tailed)  between D.
melanostictus and F. limnocharis skin structure
at 5% significance level. However, the areas of
mucous and granular glands showed no
significant differences between these two
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species, with the value of U= 180.5, n;=n, =20,
p=0.311>0.05 two-tailed and U = 194, n;=n, =
20, p=0.806>0.05 two-tailed, respectively.

In the dorsal centre, D. melanostictus and F.
limnocharis have significant differences in the
two types of area of glands, which are the area of
mucous (U = 160, n; = n, = 20, p=0.038<0.05
two-tailed) and seromucous glands (U =47, n;=
n, = 20, p=0.001<0.05 two-tailed) at 5%
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significance level. However, the area of
seromucous glands shows an extremely
substantial difference between D. melanostictus
and F. limnocharis skin structures compared to
the area of mucous gland. Besides, there is also
consists of the area of granular glands (U = 187,
n;=ny =20, p=0.541> 0.05 two-tailed), although
it shows no significant difference between D.
melanostictus and F. limnocharis skin structures.

Table 4. Summarised data of area of glands (mm?) on the dorsal head, dorsal centre, ventral head and ventral centre
between Duttaphrynus melanostictus and Fejervarya limnocharis

Skin Area Types of Area of Glands (mm?) Mean N Standard ~ Median
Glands F limnocharis  D. melanostictus Deviation

Dorsal Head Mucous 0.01128 0.00567 0.0004 40 0.00141 0
Seromucous 0.15661 0.57413 0.0183 40 0.01717 0.009
Granular 0.10668 0.27488 0.0095 40 0.02797 0

Dorsal Centre  Mucous 0.02618 0 0.0007 40 0.00222 0
Seromucous 0.17372 0.5533 0.0182 40 0.01844 0.0119
Granular 0.0189 0.19588 0.0054 40 0.01976 0

Ventral Head Mucous 0 0.11316 0.0028 40 0.01479 0
Seromucous 0.18575 0.78894 0.0244 40 0.03072 0.0126
Granular 0 0.08813 0.0022 40 0.01393 0

Ventral Centre  Mucous 0.01701 0 0.0004 40 0.00122 0
Seromucous 0.16496 0.57194 0.0184 40 0.01546 0.0132
Granular 0 0.18539 0.0046 40 0.02323 0

In the ventral head, there is sufficient
evidence to conclude that there is a significant
difference between the areas of seromucous
glands in D. melanostictus and F. limnocharis
skin structures at 5% significance level. The null
hypothesis is rejected as the area of seromucous
glands (U =9, n; = n, = 20, p=0.001<0.05 two-
tailed) can prove the difference between these
two species. In contrast, the analysis of the areas
of mucous and granular glands shows values
trending towards similarities between D.
melanostictus and F. limnocharis skin structures,
with U = 180, n;=n, =20, p = 0.152>0.05 two-
tailed and U = 190, n; = n, = 20, p=0.317>0.05
two-tailed, respectively.

The areas of mucous (U = 150, n; = n, = 20,
p=0.019<0.05 two-tailed) and seromucous
glands (U =20, n; = n, = 20, p=0.001<0.05 two-
tailed) in the ventral centre have an effect on the

significant difference between D. melanostictus
and F. limnocharis skin structures. There is no
significant difference in the area of granular
glands in the skin structures between D.
melanostictus and F. limnocharis with the value
of U = 180, n; = n, = 20, p=0.152>0.05 two-
tailed.

The area of seromucous glands in the dorsal
head, dorsal centre, ventral head, and ventral
centre in D. melanostictus and F. limnocharis
had been proved to have a highly significant
difference in the area of glands present in D.
melanostictus and F. limnocharis skin structure
with a significant level of &< =0.05. It can be said
that the area of seromucous glands in D.
melanostictus has a large difference compared to
the area of seromucous glands in £ limnocharis
skin structure.
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Table 5. Summarised Mann-Whitney Rank Sum Test Statistics of area of glands (mm?) on the dorsal head, dorsal
centre, ventral head and ventral centre between Duttaphrynus melanostictus and Fejervarya limnocharis

Skin Area Dorsal Head Dorsal Centre Ventral Head Ventral Centre

M SM G M SM G M SM G M SM G
Mann- 180.5 51 194 160 47 187 180 9 190 150 20 180
Whitney U
Sig. 0.311 0.001 0.806 0.038 0.001 0.541 0.152 0.001 0317 0.019 0.001 0.152

Notes: M= Mucous Glands, SM= Seromucous Glands, G= Granular Glands

DISCUSSION

Urbanisation is accelerating worldwide, which
means that the increasing population growth and
the demand for basic life have resulted in the
cities’ inhabitation with the modification of
landscapes dominated by architectural structural
for human benefit. However, urbanisation has
fundamentally altered the composition of
wildlife communities, leading to biodiversity
loss and the development of more species to
urban areas (Bradley & Altizer, 2007). For
instance, Duttaphrynus melanostictus and
Fejervarya limnocharis are both urban anuran
species, which can be well adapted to an
environment disturbed by human activities.
Fortunately, the existence of urban green lands
aids some species in reducing habitat loss and
preserving water runoff from impervious urban
surfaces as well as serving as the breeding
habitat for amphibians, particularly for anurans
(Zhang et al., 2015). As they adapt to urban
environments, their skin structure must have
some changes and becomes sensitive to the
environment. This is due to the fact that the
essential role of skin as the anuran’s mechanical
barrier, medium for ion transports and water
regulation, sensor apparatus, part of chemical
defence mechanism, respiratory organ, and
sodium reservoir, that aid in anuran survival
(Barlian et al., 2011).

There are obvious distinguishes in skin
morphology, with frogs having a thin layer of
moist, soft textured skin and toads having a thick
layer of dry, rough skin. Nevertheless, both
possess epidermis and dermis layers. In the
epidermis, the stratum corneum is formed of a
thin layer of keratinized cells (Varga et al., 2019),
owing to the anuran skin usually “naked” with
the absence of the covering with scales, feathers,
or hair characters (Sungif, 2017). The
keratinized cells that contain the substance
alfakeratin are the alternative cells to assist

prevent the loss of humidity and respond to
environmental contamination (Barlian et al.,
2011). The thickness of the stratum corneum of
F. limnocharis, nevertheless, is thinner than the
stratum corneum of D. melanostictus. This is
because the skin of D. melanostictus is water-
tight and consists of warts, cones and spines,
which induce the stratum corneum to thicken and
become more densely packed with keratins
(Elias & Shapiro, 1957). Thus, F. limnocharis is
more susceptible to environmental contaminants
and less tolerable to the resistance of water
movement between internal and external
environments (Campbell et al., 2012), compared
with D. melanostictus. Fejervarya limnocharis
shows antibacterial activity against to
environmental contaminants such as
Streptococcus pneumoniae multidrug-resistant,
in contrast to the forest frog, Limnonectes
macrodon (Suhyana et al., 2015). As aresult, the
stratum corneum of F. /[imnocharis still has the
function of reducing water loss via evaporative
dehydration and barrier to environmental
contaminants without the existence of warts,
cones, and spines in the skin. Hence, this
becomes a proof that both D. melanostictus and
F. limnocharis adapt to the urban areas, but D.
melanostictus can be more tolerant to the warmer
ambient temperature. In addition, stratum
germinativum is also present as the innermost
layer of the epidermis, which is the thick layer of
the epidermis in D. melanostictus and F
limnocharis  skin structure. This stratum
provides strong adherence to the dermis
underneath and conducts cell division
(Maderson, 2010), which produces the
outermost layer of the epidermis and develops
into the uppermost layer of keratin (Sungif,
2017). Furthermore, the stratum spinosum,
which serves as the intermediate layer between
the stratum corneum and the stratum
germinativum, is composed of oval to round
terminally differentiating cells in the layer of the
epidermis (Varga et al., 2019). Different types of
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cells such as epithelial cells, immune cells, as
well as chromatophores which function as the
producers of pigmentation patterns, are present
in this layer (Cémden et al., 2023).

There is also the observation of the dermis
layer compasses of stratum spongiosum and
stratum compactum. The outermost layer of the
dermis, the stratum spongiosum, consists of
loosely packed connective tissue. In both D.
melanostictus and F. limnocharis, the loosely
packed connected tissue helps to maintain the
seromucous glands, mucous glands, and granular
glands. Thus, the stratum spongiosum can be
described as the gland’s storage place. Despite
this, the stratum spongiosum of D. melanostictus
is thicker than F. limnocharis. This is due to the
skin of D. melanostictus containing glands that
are larger than those found in F. limnocharis, and
the area-to-skin ratio of glands in D.
melanostictus is higher than in the skin of F
limnocharis. Furthermore, the existence of
stratum compactum in both species’ skin
structure aids in separating the skin layer and
muscle layer. Therefore, it is composed of a
substantial density of organized connective
tissue that is abundant in collagen fibres and
fibroblasts (Ponssa et al, 2017). It can be
inferred that the thickness of stratum
spongiosum and stratum compactum in D.
melanostictus is thicker than in F. limnocharis,
as D. melanostictus has the enormous size of
glands that require more physical support to
maintain in the dermis of the skin.

According to Zainudin et al. (2018), the
ground substance, which can be observed at the
basal of the stratum spongiosum of both species,
is a type of spongy moisture agent that serves to
provide fluid to the interior of the stratum
spongiosum. This is essential for urban-type
anurans, as they are mostly in dry and terrestrial
environments. This is because some urban-type
anurans might not be able to alter their skin
properties in  response to  changing
environmental conditions, and the presence of
ground substance can aid the skin in maintaining
moisture (Zainudin et al., 2018). In the
comparison of D. melanostictus and F
limnocharis skin structure, F. [imnocharis has a
thicker ground substance than those in D.
melanostictus skin structure. In addition, the less
or lack of mucous glands in D. melanostictus
skin structure can be described as the skin of D.
melanostictus can gain moisture directly from
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the substrate (Zainudin ef al., 2018). This can be
explained that D. melanostictus can be more
adaptable and survive in terrestrial habitats,
compared with F. [imnocharis. It also can be
concluded that D. melanostictus has the capacity
to adjust and change its skin properties to fit the
different types of environments.

The dermal bones were discovered on the
dorsal parts of the skin of D. melanostictus,
consistent ~ with  Pelobatrachus  nasutus
(Zainudin et al., 2018), which is a condition
corresponds to dermal ossifications. These
dermal bones on the head and back of the
pumpkin toadlets are visible through particularly
thin skin due to fluorescence patterns (Goutte et
al., 2019), which may serve as intra-specific
communication signals or as reinforcement for
their aposematic colouration (Bowler, 2019).
Such characteristics aid in alerting prospective
predators to their toxicity. This suggests that the
dermal bone of D. melanostictus may have the
same function as the dermal bone in pumpkin
toadlets.

All the exocrine glands appear in the stratum
spongiosum, including mucous, seromucous,
and granular glands, but only the toad species (D.
melanostictus in this research) has the parotoid
glands on the dorsal head skin section. Parotoid
glands are the developed glandular accumulation
in various body regions, and these glands are
located in the dorsum of the head in D.
melanostictus (Mariano et al., 2019). and
consists mainly of large alveoli with a milky
secretion (Toledo et al, 1992). Thus, this
becomes a reason that the skin of D.
melanostictus is thicker than F. [imnocharis, as
the parotoid glands near the eyes require
physical support (Rais, 2012). The arrangement
of alveoli in the parotoid glands of D.
melanostictus shared a similar structure with
Phryoidis juxtaspera in a honeycomb-like
arrangement (Sungif, 2017). A large variety of
alkaloids and steroids are present in the milky
and latex-like toxins secreted by parotoid glands
(Toledo et al., 1992; Mariano et al., 2019). This
toxin acts as the chemical barrier against
predators of microbial infection. Consequently,
the toad venom produced by the dried toxin
secretions of parotoid glands has high medicinal
value to traditional Chinese medicine (Yang et
al., 2023). In addition, the granular glands in
parotoid glands, on the dorsal head of D.
melanostictus in this research, are enormous.
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This explained the numeration of granular
glands that had been measured in D.
melanostictus lower than in F. limnocharis. It is
because the measurements and calculations were
taken when the magnification of the microscope
was 40x, while the majority of the granular
glands could only be observed in full detail in the
microscope at a magnification of 4x or 10x.
Apart from the parotoid glands, the granular
glands in both species secrete the toxins
containing peptides, amines and alkaloids that
can protect them from microorganisms that exist
on their skin surface and are fatal to prospective
predators (Zainudin et al., 2018). According to
Rasit et al. (2018), this gland also has the
potential for medical application, which
produces secretion-containing peptides. Thus,
the granular glands are most abundant at the
dorsal part of the skin since these areas are
typically exposed to the environment during
both species are foraging, resting, or mating
(Rasit et al., 2018). Interestingly, the rate of
epithelialisation of anuran skin wound is
influenced by the concentration of granular
glands (Rasit et al., 2018; Rasit et al., 2023).

In comparison to granular and mucous glands,
the seromucous glands are significantly more
prevalent in the dorsal and ventral parts of these
two species. As seromucous glands are the
mixed glands of mucous and granular, they also
secrete toxins that serve the same functions as
those secreted by the granular glands. Even
though D. melanostictus has parotoid glands in
the dorsal head of the body, the granular and
seromucous glands also can aid in immunity to
environmental variables. The granular and
seromucous glands are the sole protective
structures in the skin of ¥ /imnocharis due to the
absence of parotoid glands. Besides, the
seromucous glands are exhibiting over the entire
body in the skin structure of D. melanostictus
and F. limnocharis. As the seromucous glands
consist of mucous, they help preserve skin
moisture and provide wet conditions for all
regions of the body (Sungif, 2017). It can be
assumed that the more seromucous glands
emerge inside the skin of the anuran, the longer
duration the anuran can stay and thrive in drier
conditions. Additionally, it is possible to say that
having seromucous glands is equivalent to
compacting both types of glands in one way.
This may be the strategy of D. melanostictus and
F. limnocharis to be able to adapt, colonise and
inhabit dry environments terrestrial that may
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lack of water sources or humidity (Razali, 2017).

The mucous glands, nonetheless, have a low
quantity found in the skin structure D.
melanostictus and F. limnocharis. The
enumeration of mucous glands on the dorsal
centre and ventral centre showed only significant
differences between D. melanostictus and F
limnocharis. This is due to the dorsal centre and
ventral centre of D. melanostictus lacking
mucous glands. As the mucous glands are the
ones that primarily focus on gas exchange and
water balance (Mailho-Fontana ef al., 2017), the
mucous glands produce a clear secretion that acts
as the lubricant in water and is composed of
glycoproteins such as mucin, mucinogen, sialic
acid and carbohydrate residue including
galactose and fructose (Garg et al., 2008). The
reason the skin of F limnocharis contains a
smaller number of mucous glands may be the
adaptation to dry habitat, as their preference for
hiding in the marshes or ponds to minimise water
loss via evaporation and maintain a stable body
temperature (Lillywhite & Licht, 1975). At the
same time, it has been hypothesized that D.
melanostictus, which has fewer or no mucous
glands, may adapt to the drier environment by
having a large size of the body since it has a
greater volume to hold onto water and
comparatively less surface area to lose it (Sungif,
2017). However, it also can be argued that the
use of skin regions to identify glands may not be
appropriate as the ventral head of these two
species may not be in direct contact with the
substrate.

The area of granular glands presents in D.
melanostictus and F. limnocharis shows
insufficient evidence to conclude that the
significant differences between these two
species on the dorsal head, dorsal centre, ventral
head, and ventral centre. This is because of the
large size of the majority of the granular glands
in the skin structure of D. melanostictus, which
necessitates the use of the microscope with 4x
magnification to observe the whole of the glands.
In addition, there is a lack of granular glands in
the ventral regions of F [limnocharis skin
structure. This is due to most granular glands are
on the dorsal head, where they serve to protect £
limnocharis from potential predators and
ectoparasites (Moreno-Gémez et al., 2014). In
contrast, there is a statistically significant
difference in the area of seromucous glands
present in both species’ dorsal head, dorsal
centre, ventral head, and ventral centre. As the
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area of seromucous glands in D. melanostictus is
about 3.5 times greater than those in F
limnocharis skin structure, the difference
between these two species can be detected
obviously. Compared to the seromucous glands
in F. limnocharis skin structure, the seromucous
glands in D. melanostictus revealed less in
amount but a larger size. This results in the
stratum spongiosum in D. melanostictus being
thicker than in F limnocharis. This may be due
to the large total body size of D. melanostictus.
Besides, the area of mucous glands on the dorsal
centre, ventral head and ventral centre showed a
significant difference between D. melanostictus
and F. limnocharis skin structure. This is because
the small number of mucous glands in the skin
structure of D. melanostictus, as it may adapt to
dry environments by its large body size.

The seromucous glands are most abundant in
all parts of the skin areas (dorsal head, dorsal
centre, ventral head, and ventral centre) with
significant differences in the number of glands
present and the area of the glands present in D.
melanostictus and F. limnocharis. The
seromucous glands are arguably the most
essential glands required for both species. The
seromucous and parotoid glands can
demonstrate that the skin structure of D.
melanostictus is different from F. limnocharis
skin structure. As these anurans are urban
species, the number and area of glands aid in
determining their adaptation to the surrounding
environments. Thus, this study supports the
opinion that the distribution of mucous and
seromucous glands in different skin regions can
reflect the habits of Pelobatrachus nasutus in
their natural habitat (Zainudin et al., 2018).
According to Rasit et al. (2023), the mucous
glands are critical to represent the water quality
of the habitats, as a low quantity of mucous
glands in both species can prove that low water
quality in urban areas. This also suggests that the
large number of seromucous glands serves to
defend against high levels of microbial activity
in the water resources, facilitate the diffusion of
oxygen through the skin (Rasit et al., 2023), and
maintain skin moisture.

CONCLUSION

In conclusion, the presence of parotoid glands
can demonstrate that the species is a toad species
and seromucous glands are the most abundant
glands present in all four analysed skin regions
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of Duttaphrynus melanostictus and Fejervarya
limnocharis. The dermal bones found in D.
melanostictus are also able to differentiate them.
It is possible to distinguish D. melanostictus and
F. limnocharis based on the variation in the
thickness of the epidermis and dermis, as well as
gland distribution. In addition, the seromucous
glands are the most abundant glands present in
all four analysed skin regions of D.
melanostictus and F. limnocharis. The
enumeration of seromucous glands allows the
seromucous glands to distinguish between these
two species. The number and area of glands also
can determine their adaptation to the
environments. Further study and research might
explore more on the different types of urban
anuran species. In addition, future studies also
can focus on the dermal bone within the skin
structure, as there is only little research about
this has been done.
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