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Abstract: This research aims to prepare natural coagulants from Angsana leaves
(Pterocarpus indicus willd) for Palm Oil Mill Effluent (POME) treatment, especially reducing
main variables such as TSS, COD, and pH. The amounts of 100 mesh Angsana powder (5,
10, 15, and 20 grams) were extracted using NaCl solvent with concentrations of 0.25 M and
0.5 M, respectively. The extract (200 mL) were added to 500 mL of POME and stirred (180
rpm) for 30 minutes. The concentrations of TSS, COD, and pH in POME were analyzed.
Results showed that the coagulation-flocculation process using Angsana leaves powder
was able to reduce COD by 55.79% at a coagulant dose of 5 g/L with 0.25 M NaCl solvent
and TSS by 99.75% at a dose of 20 g/L with 0.25 M NaCl solvent. However, treatment using
Angsana leaves extract was not able to reduce COD to the predetermined quality standard
limits while the TSS value met the quality standard. Therefore, POME treatment still
requires further processing.

access article is distributed under
a (CC-BY License)

Introduction

The palm-oil sector is a vital aspect of the
economies of developing countries, particularly those
located in Southeast Asia (Kahar et al., 2022). In 2020,
the growth of oil palm plantations was recorded at
14,824.60 hectares. Meanwhile, the area of oil palm
plantations in Indonesia in 2020 is 16,381,000 hectares
(Kementerian Pertanian Republik Indonesia, 2020). Oil
palm is one of the plantation crops that has an important
role for the national economy, especially as a provider of
employment, a source of income and foreign exchange
for the country. Indonesia as the largest palm oil
producing country in the world has enormous potential
to market crude palm oil Crude Palm Oil (CPO) and
other preparations at home and abroad. CPO itself is a
raw material for the manufacturing industry of cooking
oil, margarine, candles, soap, various kinds of body care
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products. The palm oil process is carried out through
extraction in the palm oil industry (Awalludin et al,,
2015, Chan et al, 2019; Nutongkaew et al., 2019;
Prapaspongsa et al., 2017). Palm oil represents 17% of
total agricultural revenues, making it the most
important agricultural product of Indonesia. In 2016
palm oil represented 2.36% of Indonesia's GDP

(Indonesia Investments, 2017, The World Bank, 2016).
However, it also leads to an increase in waste volume
and a bigger amount of liquid matter in waste, thereby
reducing the advantages of the recovered palm oil (Chan
et al., 2019; Dominic et al., 2022). These liquid wastes are
otherwise known as palm oil mill effluent (POME)
(Abdullah et al., 2020).

The production of CPO will produce a large
amount of Palm Oil Mill Effluent (POME). POME will
become an environmental pollution problem if not
managed properly because its contains Biochemical
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Oxygen Demand (BOD), Chemical Oxygen Demand
(COD), Total Suspended Solid (TSS), oil and fat that
exceeds the threshold of environmental quality
standards, all of which cause serious environmental
issues (Sukiran et al.,, 2017). Every ton of fresh fruit
bunches (FFB) processed into CPO will produce 23%
Palm Oil Empty Bunches (POEB) waste, 6.5% shells, 13%
fiber, and 50% liquid waste (Fitria et al., 2021).

Every additional CPO capacity produced will result
in an increase in the amount of liquid waste produced so
that good liquid waste treatment is needed. In addition,
a study by Sadhukhan et al. (2018) estimates that using
palm-oil waste to produce fine and platform chemicals,
polymers and ingredients for food and pharmaceuticals,
along with biofuel and bioenergy, could plausibly
replace the use of fossil resources. POME has a water
content of (95-96%), COD ranges from 40,000 to 80,000
mg/L, BOD ranges from 20,000 to 30,000 mg/L. Due to
the acidic nature of the contaminant and very high level
of biological oxygen demand (BOD), POME cannot be
disposed without specific treatment due to the pollution
threat to the environment (Hosseini et al., 2015).

Treating POME before disposal is one of the
concerns and necessities for every palm oil
manufacturer. POME treatment is a standard
requirement that needs to be followed in order to persist
in the manufacturing industry. Most of the POME
treatments lead to biological handling due to its high
lipids, nitrogenous compound, and protein and minerals
content (Tan et al., 2019). There are three main methods
that are commonly preferred by the palm oil
manufacturer, which are anaerobic digestion, feedstock
for biodiesel, and composting method. Some of the
manufacturers convert the POME produced from their
plant into biodiesel by dark fermentation process,
whereas some use treated POME on land application of
compost production to act as fertilizer of the palm oil
trees (Garritano et al., 2018).

Processing of fresh fruit bunches until CPO and
palm kernel is obtained through a fairly long process
(Choong Lek et al.,, 2018). The wastewater produced
from the CPO production process is in the heating and
sterilization process, FFB is treated by steam sterilization
with steam pressure of 2.5-3.0 kg/cm?, temperature 135-
1400 °C for 90-100 minutes. First, wastewater drain
(condensate) is produced from each process using a
sterilizer in this process (Cherie et al., 2018).

Palm oil industry wastewater consisting of sludge,
condensate water, factory washing water, hydroclone
water, etc. from sterilization and clarification stations is
flowed into fat pit for oil quotation. POME has a high
concentration and is dark brown and often causes
pollution (Hasanudin et al., 2017).
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Table 1. POME Characteristics based on Research
Results (Elvitriana et al., 2021)

Parameters Unit Range
pH 3.5-47
COD mg/L 16,000 - 100,000
BOD mg/L 10,000 - 44,000
Total Suspended Solid (TSS) mg/L 5,000 - 54,000
Temperature °C 70 -80

Table 1 shows that palm oil industry wastewater
contains very high organic matter, namely BOD 20,000 -
30,000 mg/L and COD 40,000 - 60,000 mg/L, so that the
level of pollution will be higher. Therefore, to reduce the
content of pollution levels, degradation of organic
matter is needed.

Total Suspended Solids (TSS) (4-5%), oils and fats
(0.6-0.7%) and acidic pH (3.5-4). If discharged directly
into water bodies, POME can cause pollution that can
reduce water quality (Ilmannafian et al., 2020). If POME
is discharged directly into the environment,
sedimentation will occur and then decompose which
causes turbidity and emits a sharp odor (Elvitriana et al.,
2017; Ramadhan et al., 2020).

Palm oil industry waste consisting of sludge,
condensate water, factory washing water, hydroclone
water, etc. originating from boiling/sterilization and
clarification stations is flowed into fat pits/sludge
recovery tanks for oil quotation. POME has a high
concentration and is dark brown and often causes
pollution (Hasanudin et al., 2017). Given the high
potential for pollution due to palm oil liquid waste, a
pollution control strategy is needed by processing liquid
waste before being discharged into the environment as
an effort to nourish the environment. Processing is
carried out so that liquid waste released into water
bodies is in accordance with the quality standards of
POME (Elvitriana et al., 2014; Ruhmawati et al., 2017).

Palm oil liquid waste can be processed by several
processing processes, such as using physical, chemical
or biological processes or a combination of these three
processes. There have been many studies discussing the
processing of POME to comply with quality standards.
Some of the studies include the use of hyacinth plants
(Eichhornia crassipes), cacti (Cactaceae) in the coagulation
and flocculation processes.

One of alternatives to processing POME by
coagulation-flocculation =~ method  using  natural
coagulants, in the form of the use of water hyacinth
plants (Eichhornia crassipes). The results of the BOD
analysis that have not met the quality standards are at
100% and 75% concentration treatment, (894.7 g/L and
304.15 mg/L, respectively), and meet the quality
standard at 50% concentration treatment (77.03 mg/L).
All COD analysis results have not met quality standards
(at concentrations of 100%, 75%, and 50% are 4,320
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mg/L, 1,120 mg/L and 440 mg/L, respectively). The
results of TSS analysis that have not met the quality
standards are at 100% wastewater concentrations (400
mg/L), and meet quality standards at concentrations of
75% and 50% (200 mg/L and 0 mg/L, respectively). All
pH analysis results meet quality standards (successively
at 100%, 75%, and 50% wastewater concentrations,
namely 7, 8, and 9), (Ilmannafian et al., 2020).

The results of biocoagulant research from Opuntia
cactus (Cactaceae) on okra extract with an optimal dose
of Opuntia 8 g/L, a ratio of 1:2 okra extract to palm
liquid waste, pH 9 and deposition time for 240 minutes
gave the best results for processing palm liquid waste.
The average percentage achieved was approximately
93.9% for COD and turbidity allowance, and 96.1% for
TSS allowance. From this research, it can be concluded
that Opuntia has great potential to be used as a source of
biocoagulant for palm oil liquid waste treatment. The
addition of okra as a bioflocculant seems to increase the
percentage of COD, TSS, and turbidity allowance, but
only slightly. Therefore, further research is needed to see
if Opuntia can be developed for use as a coagulant
(Vasanthi, 2019).

POME treatment wusing coagulation and
flocculation is an effort to reduce the dissolved and
suspended solids contained in liquid waste. But usually,
this coagulation and flocculation process is not able to
reduce pollutant levels to meet quality standards (Fatoni
et al., 2020).

In this study, one alternative treatment has been
evaluated for POME by coagulation-flocculation
method using natural coagulants, namely Angsana
leaves (Pterocarpus indicus willd). Angsana leaves are one
of the plants that are used as natural coagulants because
they have chemical compounds contained in this plant
showing positive tests for phenols, flavonoites,
saponins, triterpenoids, and tannins, so that they can
work under the right coagulant conditions and optimal
deposition, helping turbidity because they are able to
adsorb palm oil waste (Sopian et al., 2021).

Angsana is a tree with a height of 10-40 m, trunk
diameter 2m, twig length 1-2 m. Morphological
characteristics of Angsana include alternating leaves 5-
13 leaves, elongated, ovoid shape, blunt, tapered and
shiny. Trees that sometimes become giant, up to 40 m
high. Stems often tuberous or grooved; Usually with
papa root (banir). The dense canopy is a dome, with
branches that duck down close to the ground. Brownish-
gray bark, broken down or similar to fine scales, secretes
reddish lymph when injured (Ingeswari, 2019). Based on
the previous description, this research focussing on the
utilization of Angsana Leaves (Pterocarpus indicus willd)
as a Natural Coagulant for POME Treatment.
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Method

Materials

Glass jars/containers for sample filling, Hanna
digital pH meters, sample bottles, plastic jerry cans
containing 10 liters, filter paper, ovens, desiccators,
analytical balances, funnels, erlenmeyer, beakers,
measuring cups, label paper, stirring rods (magnetic
stirrer), drip pipettes, stop watches, blenders, sieves 100
mesh.

The POME used in this research was obtained from
primary pounds of Palm Oil Mill in Aceh Province.
Angsana leaves (Pterocarpus indicus Willd) as a coagulant
material was taken from the campus yard of Serambi
Mekkah University. All regeans, such as NaCl 0.25 and
0.5M, sulfuric acid 0.1 gr, aluminum sulfate 0.1 gr,
NaOH and KOH 0.1 gr were obtained commercially
from WACO LTD.

Metode Research

Research was carried out using qualitative
descriptive research with pure experimental methods.
Table 2 describes three variables of research for the
implementation plan during the study. Preliminary tests
were carried out to obtain the optimum pH of
coagulation for waste reduction with a pH range of 2-7,
then the wastewater (POME) was adjusted to this
optimum pH to make easier treatment using the natural
coagulant from Angsana leaves.

Table 2. Variables of Research

Sampel Fixed Variabel Variables

Rapid strirring Types of coagulant

Coagulants followed by slow solvents (aquadest +

Natural leaf strirring NaCl 0,25 M and 0,5 M).
Angsana Time deposition 1

hour Coagulant dose (5000 -

20.000 mg/L).

Coagulant pH dose (2-8).

chemistry Size sieve 100 mesh Types of natural

(PAAC) coagulants and chemical

(PAQ).

Preparation of Angsana Leaves as Coagulant
The preparation of coagulants from Angsana leaves
was modified from the former research (Sethu et al.,
2019). Angsana leaves (Pterocarpus indicus Willd) were
taken from the tree, cleaned, and dried in an oven at 105
°C for 30 minutes to homogenize and reduce the water
content until constant followed by blending into powder
which has a particle size of 100 mesh. A total of 3 grams
of powder was suspended in 1 L of different solvents
such as distilled water and 25.5 NaCl. Each active
component of the coagulant was extracted by stirring the
suspension using a magnetic stirrer, then filtered using
12012
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filter paper until an extract is obtained. The extract was
stored at 4 °C before used.

POME Treatment

The amounts of 100 mesh Angsana powder (5, 10,
15, and 20 grams) were extracted using NaCl solvent
with concentrations of 0.25 M and 0.5 M, respectively.
The extract (200 mL) were added to 500 mL of POME
and stirred (180 rpm) for 30 minutes. Then,
concentrations of TSS, COD, and pH in POME were
analyzed.

Sample Analysis

Fourier Transform Infrared Spectroscopy (FTIR)
was used to identify chemical bonds and functional
groups in a molecule by producing an infrared
absorption spectrum. This test was carried out at the
Chemical Engineering Laboratory, Syiah Kuala
University, Banda Aceh. Key parameters analysis such
as pH, COD, and TSS was carried out using the standard
methods SNI 6989.11:2019, SNI 6989.2:2019, and SNI
6989.3.2019, respectively.

Results and Discussion

POME samples were taken from one of the primary
ponds of palm oil mills located in Aceh Province using
the grab sampling method of 20 L of waste water, then
put into 2 plastic jerry cans with a capacity of 10 L each.
The waste is then filtered and tested for initial quality.
The initial waste analysis results are shown in Table 3.

The organic material and nutrient content in POME
has organic material that has not been properly
degraded and when it is disposed of into receiving water
bodies it will result in a decrease in water and
environmental quality. So that POME can be disposed of
into the environment or water bodies, a processing
process is needed which aims to reduce the BOD, COD,
and oil content, increase the pH, increase the nutrient
content and degrade organic matter (dissolved and
suspended material). Alternative processing that can be
done includes using Angsana leaf extraction as a natural
coagulant.

Characteristics of POME

Table 3 shows the characteristics of POME used in
this study. Table 3 shows that the pH level of POME
meets the requirements for waste water quality
standards with a pH level of 6.8. Where the quality
standard was set at pH 6.0-9.0 (Regulation of the
Minister of Environment of the Republic of Indonesia
No. 5/2014). Likewise, the BOD level shows that the
value meets the quality standard of 90.36 mg/L (BOD
quality standard 100 mg/L). However, the COD and TSS
content in wastewater was found to be above the quality
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standards with values of 1,917.28 mg/L and 648 mg/L
respectively. This wastewater is not suitable for
discharge directly into waters because the COD and TSS
parameter levels exceed the quality standard limits or do
not comply with the quality standards as regulated in
the Minister of Environment Regulation on Waste Water
Quality Standards No. 5/2014 and the Minister of
Health Regulation No. 32/2017. Therefore, POME needs
to be treated before being discharged into waters.

Table 3. Characteristics of POME

Parameters Method Results Standard
pH 6989.11:2019 6.8 6.0-9.0
COD (mg/L) SNI 6989.73:2019  1,917.28 350
BOD (mg/L) SNI 6989.72:2009 90.36 100
TSS (mg/L) SNI 6989.3:2019 648 250

The Effect of Solvents on POME Treatment

Ten liters of POME were treated using the
coagulation-flocculation using natural coagulant from
50 grams of Angsana leaf extract. The coagulation
process with fast stirring was carried out at a speed of
180 rpm for 5 minutes followed by a flocculation process
with slow stirring at a speed of 80 rpm for 10 minutes.
After the coagulation-flocculation process, the mixture
was deposited for 30 minutes and continued with
analysis of the levels of pH, COD, BOD and TSS
parameters. Characteristics of POME after the
coagulation-flocculation process shown in Table 4.

Table 4 Characteristics of POME After the Coagulation-
Flocculation Process

NaCl 0.25 M

Parameters 5g 10g 5g 20g Standard
pH 2 2 2 2 60-9.0
COD (mg/L) 8475 1,2334 11,3765 1,4594 350
TSS (mg/L) 6.74 4.84 3,80 1.64 250

Initial pH:6.8; COD:1,917.28mg/L; TSS5:648mg/L

The effect of different solvents in extracting
Angsana leaves at different doses on coagulation
analysis. Angsana leaves act as primary coagulants at
the maximum pH of POME, which is pH 2. From the
POME treatment table with 0.25M Angsana leaf
extraction at a dose of 5 grams achieved a decrease in
COD of 55.79% Image and the highest turbidity removal
of 99.75% at the optimal dose of 20,000 mg/L. While the
extraction of 0.5 M Angsana leaf coagulant at a dose of 5
grams reached a decrease in COD of 46.54% with the
highest turbidity reduction of 99.48% at the optimal dose
of 20,000 mg/L. The optimal dosage for Angsana leaf
coagulant since there is no significant increase in
turbidity removal with the addition of further
coagulants.
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pH

Table 4 shows that the initial pH value before
treatment on magnetic stirrer hotplate stirring is neutral
(6.8) and after treatment of magnetic stirrer hotplate
stirring and sedimentation, the pH value is still the same,
which is 6.8. However, when added 8.5 g/L coagulant
Angsana leaf, when coagulant interacts with
wastewater, the pH remains in the range of 6-9, which is
6.8 with a stirring speed of 180 rpm for 5 minutes, slow
stirring of 80 rpm for 10 minutes and the suspension is
allowed to stand for 60 minutes. The optimum pH is set
at range 2 using HCl 1M. After being processed with the
coagulation-flocculation process using Angsana leaf
extract there is an increase. The pH parameter value
before treatment was 6.8 and after treatmen rised to 6.0.
The increase in the pH parameter value was caused by
the binding process of hydrogen ions (H*) by Angsana
leaf extract from the coagulation-flocculation process, so
that the level of acidity decreases.

COD

Results showed that there was a difference in COD
values after treatment caused by the content of chemical
compounds contained in decomposed wastewater.
POME contains mineral materials and organic matter
mainly consists of nitrogen, ammonia, nitrate and nitrite
materials. The amount of organic matter in wastewater
increases the pollution load, high COD has an impact on
oxygen deficit in the water, so ecosystems and aquatic
plants can be damaged. High COD values indicate that
water is polluted (Dewa et al., 2017). COD levels after the
0.25 M coagulation-flocculation process decreased with
the highest percentage at K1 dose of 5 grams with a
percentage of 55.79% as seen in Figure 1.

5 10 15

Coagulant Weight (g)

ol
= K1 (0LZ35\)
K2 05

>

Figure 1. Reduction of COD in POME at various doses of
NaCl and coagulant

COD Reduction (%)

10

0

The graph shows that the COD content of POME
liquid waste has not met the requirements of wastewater
quality standards, namely quality standards referring to
the Regulation of the Minister of Environment of the
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Republic of Indonesia No. 5/2014 with a determined
concentration of 350 mg/L. If the COD -calculation
results in waste samples exceed the threshold and do not
meet quality standards, the impact will be on the
ecosystem can be disrupted, and the creation of
environmental imbalances. A high COD value indicates
that more oxygen is used to break down inorganic
compounds in the liquid, in other words the waste
cannot be discharged into the environment without
lowering its COD levels first.

In POME, there is an excess of COD levels above the
quality standard threshold set by the government. in this
case the author conducted a study using Angsana leaf
extraction to determine the effectiveness in reducing
COD levels. Where the extraction of Angsana leaves is
gradually crushed into waste as much as 1 L. The
method used in this process is the coagulation-
flocculation method using Angsana leaf extract. The
lowest yield from the use of Angsana leaf extraction at
K1 with a dose of 20 grams was 23.88%. The decrease
was very significant using a variable solvent NaCL 0.25
M at a dose of 5 g with a result of 847.55 mg/L. The
percentage value of the decrease in the COD parameter
is 55.79%. While at doses of 10, 15 and 20 grams are at a
percentage below 50%. While in the variable solvent 0.5
M coagulant Angsana leaves for the best dose at a dose
of 5 g amounted to 1,024.90 mg/L with a percentage
value of 46.54%. Where at doses of 10, 15 and 20 grams
are at a percentage below 30%. The decrease in COD
parameter levels in POME is caused because Angsana
leaf extract contains active substances that can help
reduce the repulsive force between colloidal particles in
water, so that COD parameter levels in POME decrease.

Total Suspended Solids (TSS)

TSS causes turbidity in water from insoluble solids
and cannot settle directly. TSS consists of particles
whose size and weight are smaller than sediments, e.g.
clay, certain organic matter, cells of microorganisms, etc.
The decrease in the total value of TSS or the increase in
the percentage of reduction is caused by colloidal and
suspension particles that have a stable electric charge
after being added with coagulants and through the
stirring process will become unstable and then combine
with each other and form large floc and settle to the
bottom (Suryanti et al., 2019). Figure 2 shows that TSS
content in POME after treating Angsana leaf extract
decreased that met the quality standards as required in
the Regulation of the Minister of Environment of the
Republic of Indonesia No. 5/2014 with a concentration
set by the TSS quality standard of 250 mg/L.
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Figure 2. Reduction of TSS in POME at various doses of NaCl
and coagulant
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The results showed that the best TSS value in
extraction of K1 0.25 M with the highest coagulant dose
of 20,000 mg/1 reached 99.75%, while with extraction of
K2 0.5 M at a dose of 20,000 mg/1 it reached 99.48%. TSS
levels showed a decrease with different variations of
Angsana leaf extraction in the 0.25M treatment for 60
minutes with the highest percentage of 99.75% at a dose
of 20 grams. The lowest reduction percentage was
obtained in 0.25M coagulant treatment for 60 minutes
with a percentage of 98.96% at a dose of 5 grams.
Furthermore, Figure 3 shows Ithe comparison of
reduction of TSS and COD by coagulant from Angsana
leaf extract.

e COD (0.25M)
i TSS (0.25M)

- - &

120

100 o

COD and TSS Reduction (%)

10 15 20
Coagulant Weight (g)
Figure 3. Comparison of TSS and COD reduction in POME
after flocculation-coagulation process

FTIR Test

Results FTIR is infrared spectroscopy where the
Fourier transform method is used to obtain infrared
spectra in all wave numbers simultaneously. Then the
structure was characterized by FTIR spectrophotometric
measurements. Testing with FTIR spectrophotometry
aims to analyze the functional groups contained in the
extracted Angsana leaves. Fourier Transform Infrared
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Spectrophotometer (FTIR) The following figure shows
the spectrum of the extracted Angsana leaves. The
results of coagulant functional group of Angsana leaves
by FTIR spectroscopy can be seen in Figure 4 and Figure
5.

Figure 4. FTIR spectral analysis of Angsana leaf coagulant
before contact with POME

Figure 4 shows FTIR spectroscopy with extraction
of Angsana leaves before contact with POME, the most
significant absorption peak is seen in the peak spectrum
3847.99 with an intensity of 91.383. Several peaks
(absorption peaks) that appear in the FTIR spectrum of
Angsana leaf extraction indicate that Angsana leaf
coagulant has several types of bonds (functional
groups). The results of identifying the type of functional
group related to the FTIR spectral band are read at a
certain wave number. Figure 5 shows FTIR spectral
analysis of Angsana leaf coagulant after contact with
POME.

Figure 5. FTIR spectral analysis of Angsana leaf coagulant
after contact with POME

Conclusion

This research results concluded that the
coagulation-flocculation process using Angsana leaf
powder was able to reduce COD by 55.79% at a
coagulant dose of 5 g/L with 0.25 M NaCl solvent and
TSS by 99.75% at a dose of 20 g/L with 0.25 M NaCl
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solvent. However, treatment using Angsana leaf extract
was not able to reduce COD to the predetermined
quality standard limits while the TSS value met the
quality standard. Therefore, POME treatment still
requires further processing.
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