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ABSTRACT

The need for clean water is increasing along with the rising population. Water use in developing countries still re-
lies on surface water, such as groundwater, which is very easily contaminated by the surrounding environment. The
coagulation method for water purification is usually used to remove colloidal residues and assist the coagulation-
flocculation process using aluminum sulfate, which can be harmful to health if used for a long time. The coagu-
lation method utilizing natural coagulants, such as proteins and tannins, is better because it is cost-effective and
relatively safer for health if used for a long time. Tests on the tannin and protein content in the natural coagulant,
as well as characterization using fourier transform infrared spectroscopy (FTIR) and scanning electron microscope
(SEM) on the water sediment after the coagulant is added, were conducted. The groundwater sample that did not
meet the physical, chemical, and biological criteria was chosen as the water sample. Moringa oleifera seed powder
and Acanthus ilicifolius leaves were added to the water sample at doses of 0.025 g/L and 0.05 g/L, respectively,
and then allowed to settle for 30 minutes. Subsequently, tests were conducted to determine the optimum pH, COD,
BOD, TSS, TDS, and the number of E. coli bacterial colonies was determined. The natural coagulants used were
proven to reduce COD by 38%, BOD by 52%, TSS by 78%, and TDS by 62%, and to remove 92% of the total E.
coli bacteria. FTIR analysis showed that the natural coagulants used contained -OH and C=0O functional groups,
indicating the presence of natural coagulant molecules.
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INTRODUCTION

affects the physical, chemical, and biological con-
ditions of the groundwater. Therefore, groundwa-

Water is one of the primary necessities for  ter must receive special attention, because it can

human life; therefore, one of the goals of SDGs
2030 is to “create clean water and sanitation” to
ensure the availability of clean water. The water
supplies widely utilized by developing countries
correspond to surface water, specifically ground-
water. This is chosen by the community, because
it is easily accessible (Aysen et al., 2024). How-
ever, groundwater is very easily contaminated by
its surroundings, whether from household waste,
human waste disposal sites, or when waste and
sewage seep into the ground and contaminate
the groundwater, causing it to smell bad, become
murky, and unpleasant (Dong et al., 2024). This

threaten public health (Eccles et al., 2017).
Several methods are used to address this is-
sue, one of which is using coagulants. The addi-
tion of coagulants in water causes destabilization
and helps colloidal particles to coagulate (Ferrari
et al., 2020). Colloids, which are particles that
do not naturally settle, generally originate from
sand and soil, which can deteriorate the qual-
ity of groundwater. If a solution is added with
a substance that has a different charge from the
colloidal system, the colloidal system will at-
tract the different charge and coagulation as well
as sedimentation will occur (Anisa et al., 2024).
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Therefore, in water treatment, the addition of co-
agulant substances is necessary to assist the co-
agulation process because the higher the concen-
tration of differently charged ions, the faster the
coagulation-flocculation process will occur (Gao
et al., 2021).

Coagulants provide good results in the pro-
cess of water purification and improvement (Ibra-
him et al., 2021). However, the method of water
purification using synthetic coagulants such as
aluminum sulfate, which are commonly used, can
pose serious health threats (Zaidi et al., 2022).
To address this issue, the use of biocoagulants in
assisting the coagulation-flocculation process is
employed as an excellent alternative in improv-
ing water quality parameters. Also, it is relatively
safe for health when used over a long period, and
easy to process without requiring special. The
utilization of biocoagulants can be categorized
based on their active ingredients, namely pro-
teins, polyphenols, and polysaccharides (Kris-
tianto, 2017). The utilization of protein-based
coagulants, such as Moringa oleifera seeds, was
demonstrated in several studies to be effective in
treating groundwater, river water, and even coal
waste (Varkey, 2020). Moringa oleifera seeds can
be used as natural biocoagulants, because they
contain the active compound rhamnosyloxy-ben-
zyl-isothiocyanate, which has a positive charge.
This compound destabilizes colloids, attracting
negatively charged suspended dirt particles, lead-
ing to coagulation, followed by flocculation and
sedimentation to clarify the water (Ramavandi,
2014). The research conducted by Kapse & Sa-
madder (2021) on the use of natural coagulants,
specifically Moringa oleifera seed biocoagulants,
for the treatment of coal beneficiation plant waste,
can be one of the effective methods in coal waste
treatment, reducing turbidity by 97.48% and to-
tal dissolved solids by 97%. It can also eliminate
total coliforms in synthetic raw water (Asrafuzza-
man et al., 2011).

The utilization of polyphenol groups, name-
ly the active ingredient tannin which is used as
a biocoagulant, tannin is utilized as a biocoagu-
lant, because tannin is a polyphenol that can dis-
solve in water with a molecular weight between
500-3000 g/1 and is rich in functional groups,
such as hydroxyl and carboxyl (Ibrahim et al.,
2021). The tannin content in plants has recently
attracted attention for use as a natural coagulant
in the water purification process and can also
serve as a natural antimicrobial agent in water
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purification. The research conducted by (Thakur
and Choubey, 2014) utilized tannin as a natural
coagulant derived from the powder of acacia cat-
echu bark, which was able to reduce the turbid-
ity of surface water samples by 91% and remove
TDS by 57.3%. Additionally, it achieved a color
removal of up to 92% and a COD reduction of
82% (Chaibakhsh et al., 2014). Additionally, the
utilization of pine trees, eucalyptus, and que-
bracho wood are examples of plants the tannin
extracts of which are used as natural coagulants
and have also been widely commercialized un-
der brand names such as tanfloc (Hameed et al.,
2018). One of the plants that can be utilized in
water purification due to the content of tannin
compounds, is Acanthus iliicifolius. The leaves
contain tannin, as per the research (Latief et al.,
2022), which found flavonoid, saponin, and tan-
nin compounds in the phytochemical screening of
the ethanol extract of 4. ilicifolius leaves.

The tannins contained in the leaves of Acan-
thus ilicifolius are polyphenols that have the po-
tential to be used as biocoagulants because these
compounds have many hydroxyl and carboxyl
groups, allowing them to form complexes with
colloids. Essentially, colloidal particles have a
similar charge, which is negative (Camacho et al.,
2017), while proteins and tannins that determine
the effectiveness of coagulation contain positive
ions. The utilization of tannins in A. ilicifolius
leaves can also be used to inhibit the growth of E.
coli bacteria in water samples. The research con-
ducted by (Pringgenies et al., 2020) showed that
A. ilicifolius leaves have activity in inhibiting the
growth of Klebsiella and Escherichia coli bacte-
ria, thus potentially serving as biocoagulants to
improve the quality of water parameters, such as
pH, COD, BOD, TSS, TDS, and E. coli.

MATERIAL AND METHODS

The employed materials included sodium bi-
carbonate (NaHCO,), manganese sulfate (MnSO,)
0.4ml, azide alkaline iodide 0.4 ml as an oxidizer,
sulfuric acid (H,SO,) 0.4 ml, sodium thiosul-
fate (Na,S,0,) 0.025ml, potassium dichromate
(K,Cr,0,) 0.4, 50% methanol alcohol, and Com-
pact Dry EC. Six chemical glasses were used as
containers for groundwater, each containing 1 liter
of groundwater, with two repetitions using natural
coagulants: Moringa oleifera seeds =P1, Acan-
thus ilicifolius leaves =P2, and a combination of
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Moringa oleifera seeds and Acanthus ilicifolius
leaves = P3, as well as a control without biocoagu-
lant treatment = PO with dose variations of 0.025
grams and 0.05 grams. Each sample was stirred us-
ing a magnetic stirrer, with stirring at a speed of 150
rpm for 2 minutes to dissolve the coagulant com-
pounds, followed by slow stirring at 30 rpm for 15
minutes to maintain the flocculant (Khalid Salem et
al., 2023). The stirring aimed to increase the chanc-
es of biocoagulant and particle reaction, as well as
to quickly precipitate and agglomerate the particles.
Sedimentation was carried out for 30 minutes, fol-
lowed by further observations, including water
quality measurements such as pH using a pH meter,
chemical oxygen demand (COD) with the measure-
ment standards SNI 6989.02:2019 using the closed
reflux method, biological oxygen demand (BOD)
using the SNI 6989.72:2009 standard, with the
Winkler method, total suspended solid (TSS) us-
ing the gravimetric method, total dissolved solids
(TDS) using the gravimetric method, and calculat-
ing the total colony count of E. coli bacteria using
the Compact Dry EC method. AOAC Performance
Tested Certificate No. 110402, Microval Certificate
No. 2008LR04/05 (Pichel et al., 2023).

Preparation of biocoagulants

Mature and brown Moringa oleifera seeds
were washed and then soaked in a 0.5% NaHCO,
solution with a 1:3 ratio for 24 hours to remove
bitterness (Gunawan et al., 2020). Afterwards, the
Moringa oleifera seeds were placed in an oven
at 105 °C for 2 hours, then ground and sieved to
a 100 mesh size to obtain a homogeneous size.
The Acanthus ilicifolius leaves are washed and
cleaned, then the thorns at the leaf tips are re-
moved, and dried at a temperature of 30-37 °C
for 4 days, then ground until a powder is obtained,
and subsequently sieved with a 100 mesh sieve.
The grinding of Moringa oleifera seeds and Acan-
thus ilicifolius leaves aims to increase the surface
area of the biocoagulant because by reducing the
size, the active substances of the biocoagulant will
be more abundant due to the larger surface area of
the Moringa oleifera seeds, making the use of the
biocoagulant more effective.

Characteristics of tannin content in Acanthus
llicifolius leaves

A qualitative test was conducted to deter-
mine the tannins present in Acanthus ilicifolius.

The test results showed that the Acanthus ilici-
folius leaves containing tannins would exhibit a
color change. The extract of the Acanthus ilicifolius
leaves turned dark green or dark blue when the
FeCl, 1% reagent was added. In the FeCl, 1% re-
action, the tannin structure, which is a polypheno-
lic compound, will interact with FeCl, 1%, form-
ing a dark blue or dark green complex due to the
presence of polyphenolic groups.

Characteristics of total protein content
in Moringa oleifera seeds

This study uses the Lowry method to deter-
mine protein content. To determine the protein
content in a sample, a straight-line equation can
be used, which will be obtained from the standard
solution graph. Therefore, the standard solutions
used are made in various concentrations, using
concentrations of 0.01 mg/mL, 0.02 mg/mL, 0.04
mg/mL, and 0.16 mg/mL. To find the maximum
lambda length, a wavelength range of 600—800
nm is first established.

Characteristics of the biocoagulant
of Moringa oleifera seeds and Acanthus
ilicifolius leaves using FTIR

Functional group analysis with FTIR is a
method used to observe molecular interactions
with electromagnetic radiation, aimed at identify-
ing the components of the produced polymer. The
basic principle of infrared spectroscopy is the in-
teraction between the vibrations of atoms within
a molecule and the adsorption of infrared elec-
tromagnetic wave radiation, which causes higher
vibrational excitation.

Characterization of morphological
of coagulant and sediment results with SEM

The SEM test was conducted to determine
the microstructural characteristics of the samples
after the treatment with the addition of biocoagu-
lants, which resulted in images of flocs formed
during the coagulation and flocculation processes
in three dimensional form. The amount of ab-
sorbed frequencies is measured as a percentage
of transmittance (Al Moharbi et al., 2020). Thus,
infrared measurements can be used to identify the
presence of functional groups in a molecule.
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Analysis data

Chemical oxygen demand (COD) analysis

CcoD = (A—B) X N FAS X 1000 X BeO, x P (1)

V sample

where: 4 — mL of blank titrant, B — mL of sample
titration, N — normality FAS, BeO, - S,
P — dilution.

Biological oxygen analysis (BOD) analysis

B1-B
(A1—A2)—<%>VC
P

where: BOD, — is the value of BOD, of the test
sample (mg/L), 4, — is the dissolved oxy-
gen content of the test sample before in-
cubation (0 days) (mg/L), 4, — is the dis-
solved oxygen content of the test sample
before incubation 5 days (mg/L), B, — is
the dissolved oxygen content of the blank
before incubation (0 days) (mg/L), B, —is
the dissolved oxygen content of the blank
before incubation 5 days (mg/L), V, — is
the volume of microbial suspension (mL)
in the blank DO bottle, V.- is the volume
of microbial suspension in the test sample
bottle (mL), P—is the ratio of the volume of
the test sample (V) to the total volume (V).

BODs = )

Total suspended solid (TSS) analysis

TSS(mg/l) = (Wl—W(:/) x 1000 3)

where: W, — weight of the balance contain-
ing the initial filter medium (mg), W,
— weight of the balance containing the
filter medium and dry residue (mg)
V — test sample volume (mL).

Total dissolved solids (TDS) analysis

TDS =
=1000/V x (weight of the sample evaporating dish —
—weight of the evaporating dish) x 100 (4)

Calculating the percentage reduction

The percentage removal efficiency of BOD,
COD, TDS, and TSS values is calculated based
on the initial concentration and the final concen-
tration after the treatment with biocoagulants.
The formula:

(4-B)

x 100% (5)
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where: A — initial concentration, B — final
concentration.

Quantitative descriptive

The data in this study were analyzed using
the quantitative descriptive analysis method.
Through a literature review, this method seeks to
explain the facts under study, bolstering the ana-
lytic findings to support a research conclusion.
The supplied data and the mathematical calcula-
tion of the research variable indicators yield the
research findings.

RESULT AND DISCUSSION

Characteristics of tannin content in Acanthus
ilicifolius leaves

On the basis of the results of the tests con-
ducted, it can be seen that after the addition of the
1% FeCls reagent, a significant color change oc-
curred, transforming from a yellowish-brown to
a dark greenish-black in the test tube containing
the Acanthus ilicifolius leaf extract. This indicates
the presence of tannins in the Acanthus ilicifolius
leaves. The change of the leaf extract to a dark
greenish-black color signifies that the Acanthus
ilicifolius leaves positively contain condensed
tannins (Mailoa et al., 2013). The formation of a
dark greenish or dark blue color in the leaf ex-
tract indicates the presence of phenolic groups,
which can be detected by adding 1% FeCls to the
leaf extract. This is because the Fe*" ion in FeCl,
acts as an O atom with a free electron pair that
can coordinate as a ligand (Hamzah et al., 2020).
Another study mentions that research has been
conducted on the Ethnobotany, Phytochemistry,
and Pharmacology of Acanthus ilicifolius, where
the tannin test results showed a color change of
the solution to a deep black, indicating that the
leaves of Acanthus ilicifolius are positive for tan-
nins (Zakaria et al., 2024).

Characteristics of Moringa oleifera seed
protein

After determining the wavelength range of 600—
800 nm, a maximum wavelength of A = 742 nm was
obtained, resulting in the graph shown in Figure 1.

On the basis of the measurement results of
the total dissolved protein content in Moringa
oleifera seeds, as shown in Figure 1, the values
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Figure 1. Standard curve of BSA observation for determining the total protein content in Moringa oleifera seeds

obtained from the measurements are represented
by the linear equation y = ax + b (y = 4.2461x
+ 0.0795), where Y is absorbance and X is con-
centration, to determine the protein content, the
concentration value obtained is multiplied by the
dilution factor; in this study, the dilution factor is
10 times. The final result of the protein calcula-
tion on the Moringa oleifera seed sample yielded
a value of 1.012 mg/ml. This is consistent with
the research conducted by Hidayat, (2009) who
measured the protein content in Moringa oleifera
seeds using the same method, where the highest
protein concentration was found in the peeled
Moringa oleifera seeds, approximately 147.280
ppm/gram. This indicates that the potential of
Moringa oleifera to be used as biocoagulants is
very high due to the relatively high protein con-
tent in Moringa oleifera seeds.

Characteristics of coagulant of Moringa
oleifera seeds and Acanthus ilicifolius leaves
used FTIR

The characteristics of the Moringa oleifera
seed and Acanthus ilicifolius leaf biocoagulants
using FTIR (Shimadzu FTIR 8400) can be seen
in Figure 2. The biocoagulant samples were pre-
pared from powdered Moringa oleifera seeds and
Acanthus ilicifolius leaves that had been finely
ground. The spectrum was recorded between
400-500 cm’".

On the basis of the FTIR interpretation re-
sults, as seen in figure (a), the FTIR spectrum
of Moringa oleifera seeds shows a broad and
strong absorption peak at 3342.64 cm™!, where
this absorption peak indicates the -OH vibration

of the carboxylic acid group, reinforced by an
absorption at 1745.58 cm™ indicating the C=0
vibration of the carboxylic acid. Additionally,
the absorption at 2926.01 cm™ indicates the
stretching vibration of the C-H alkane, followed
by an absorption at 1543.05 cm indicating
the N-H vibration of secondary amines. Mean-
while, the interpretation results of the coagulant
from the Acanthus ilicifolius leaves show the
presence of -OH groups from carboxylic acids,
indicated by an absorption peak at 3439.08 cm-
!, reinforced by the stretching vibration of the
C=0 group from carboxylic acids at 1651.07
cm™. The absorption at 2924 cm™ indicates the
stretching vibration of the C-H group from al-
kanes. Additionally, the absorption at 1053.13
cm’! is due to the stretching vibration of C-O
and the N-H group from secondary amines.
-OH and C=0 indicate the presence of carboxyl
groups, while N-H indicates the presence of
amine groups. Amino acids have two functional
groups, namely -NH, and -COOH. Therefore,
it can be concluded based on FTIR character-
ization that the polymer found in the Moringa
oleifera seed coagulant is protein, while in the
Acanthus ilicifolius leaf, it is tannin.

Initial characterization of groundwater

Initial characterization is conducted on the
water sample (Table 1) to determine whether
the collected sample meets the desired sampling
criteria. The initial measurements conducted
included pH, total suspended solids, total dis-
solved solids, odor, color. On the basis of the
results of the initial characterization test on the
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Figure 2. FTIR spectra of biocoagulant: a — Moringa oleifera seeds, b —Acanthus ilicifolius leaves

groundwater samples taken around Tamalanrea
Indah, as shown in Table 1, it can be seen that
the sampled water is less suitable for daily use
due to its brown color, which can be seen in
Figure 1. It contains total suspended solids of
41 mg/l and total dissolved solids of 420 mg/l.
The pH value is 6.8, with a metallic and slightly
rancid smell, and no taste. For the E. coli con-
tent, there are about 130 colonies formed on the
compact dry, marked by the presence of blue
spots on the agar medium. The condition of this
groundwater is also oily due to bacterial activity
that is suspected to increase the levels of COD
and BOD in the water. This can occur because
the well is located near a disposal site used by
the local community.
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Tabel 1. Initial characterization of groundwater

No Parameter Value Unit

1 pH 6.8 -

2 TSS 41 mg/I

3 TDS 420 mg/I

4 Odor - -

5 E. coli 130 CFU/mL
6 Color Brown -

7 Taste Nothing -

Measurement of pH

One of the main factors in determining the
quality of clean water is by looking at the pH val-
ue (degree of acidity) to determine the acid/base
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content in the water. The pH measurement in this
study was conducted using a pH meter. The pH is
one of the factors that can influence the processes
of coagulation and flocculation. If the coagulation
process is carried out at a non-optimal pH, it will
result in low water quality, even leading to the fail-
ure of the floc formation process (Aboulhassan et
al., 2016), because certain coagulants cannot work
optimally in acidic or basic environments. The pH
measurement in this study was conducted to deter-
mine the pH range before and after the addition of
biocoagulants to the samples, as shown in Figure 2.

Figure 3 shows that the pH measurement results
obtained a pH value of the groundwater sample be-
fore treatment, which was 6.8, and after treatment,
the groundwater sample showed a value ranging
from 6.23 to 7.5. This indicates that the coagulant
used has an optimum pH of 6—7, where amino acids
will undergo ionization, producing carboxylate ions
and protons. The proton charge attracts electrons
(colloids), forming neutral groups and then produc-
ing flocs. This indicates that the groundwater sam-
ple has a neutral pH range. Adding biocoagulant
doses of 0.025 g/L. and 0.05 g/L with a sedimenta-
tion time of 30 minutes resulted in a fairly stable pH
change, which is by the water quality standards set
by the Ministry of Health. The addition of Moringa
oleifera seed biocoagulant at the 0-hour sedimen-
tation point showed the highest pH change in this
study. The pH value of water can increase due to the
content of the coagulant itself, such as Moringa ole-
ifera seeds, which contain cationic proteins that are
basic because of the proton acceptance of water by
amino acids that will release hydroxyl groups, mak-
ing the solution basic (Amagloh & Benang, 2009).
The tannin content also plays a role in the process
of pH change in the sample water.

7.8

ez 150
7.6 7.55
74
72
junt
[
6.8 6,8
6,8
6.4
PO P1

®Dose 0,025 gram
m Dose 0,05 gram

745746

735
I I 7;6|
P2 P3

Figure 3. Variation in types of coagulants and
coagulant doses on pH values

2

Measurement of chemical oxygen demand

In this study, the measurement of COD levels
was conducted using the SNI 6989.02:2019 stan-
dard with the closed reflux method. The applica-
tion of Moringa oleifera seed biocoagulant and
Acanthus ilicifolius leaf on groundwater samples
was conducted to determine the ability of the bio-
coagulants used in reducing the pollutant load of
the water samples, where one of the parameters
that can determine whether the water is suitable
for use and whether it is polluted or not is by mea-
suring the COD value. The results of the COD
concentration reduction measurements in this
study are shown in Figure 4. The biocoagulants
used in this study included 4 types of treatments:
control without biocoagulant addition = PO, Mo-
ringa oleifera = P1, Acanthus ilicifolius leaves =
P2, and a combination of Moringa oleifera and
Acanthus ilicifolius leaves =P3, with dosage vari-
ations of 0.025 grams and 0.05 grams during a
30-minute sedimentation period.

On the basis of the research results of the bio-
coagulant application on COD values as shown in
Figure 6, it is indicated that before the treatment
of adding Moringa oleifera seed coagulant and
Acanthus ilicifolius leaf, the COD value was at
17.47 mg/L. After the biocoagulant treatment was
applied, the COD value decreased from 13.85
mg/L to 10.8 mg/L. According to Figure 4, the
measurement results show that in treatment P1
with a dose of 0.025, the COD value decreased
from the initial condition of 17.85 to 12.65 mg/L,
while at a dose of 0.05 gram/L, the COD value
became 13.85 mg/L, resulting in a 27% reduction
in COD value in treatment P1. In treatment P2,
the COD value at a dose of 0.025 gram showed

12
=)
810 I I
O 3
PO P1 P2 P3

B Dose 0,025 gram

[ S I )]

® Dose 0,05 gram

Figure 4. Variation in types of coagulants and
coagulant doses on COD values
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a decrease from the initial condition of 17.85 to
10.99 mg/L, while at a dose of 0.05 gram/L, the
COD value was at 13.4, with a 37% reduction
in COD value in treatment P2. In treatment P3,
the COD value at a dose of 0.025 gram showed a
value of 10.8 mg/L, and at a dose of 0.05 gram/L,
the COD value became 12.61 mg/L, resulting in
a 38% reduction in COD value in treatment P3.
The ability to reduce COD levels in this study
is due to the biocoagulant used, which has a posi-
tive charge that can neutralize colloidal particles.
This can help pollutants based on organic and
inorganic materials to settle quickly and reduce
the organic compound content in water or waste.
Therefore, this can result in a decrease in the total
oxygen demand needed to oxidize organic and in-
organic materials (Tanjung et al., 2019). Moreover,
rapid and slow stirring are important stages in the
coagulation-flocculation process, as they help dis-
tribute the biocoagulant throughout the groundwa-
ter, allowing the cationic proteins contained in the
biocoagulant to interact well with the water con-
taining colloidal particles or organic compounds,
which will form microflocs (Das et al., 2021).
However, there is a decrease in the optimum
ability to remove COD values at a dosage of 0.05
grams/L, with treatment P1 showing the lowest
COD removal rate. This occurs because the in-
creasing amount of biocoagulant used leads to
an imbalance between the added biocoagulant
and the available colloids, resulting in the sample
water and the coagulant reaching a saturated con-
dition due to the colloid restabilization process

PO P1 P2 P3

® Dose 0,025 gram

—_
(=)

BOD
SO~ D WA L O

® Dose 0,05 gram

Figure 5. Variation in types of coagulants and
coagulant doses on BOD values, treatment:
PO = control, P1 = Moringa seeds, P2 = A. ilicifolius
leaves, P3 = combination of Moringa seeds
and A. illcifolius leaves
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(Fitriani et al., 2024). Consequently, the water
and coagulant do not interact to form flocs, and
more colloids remain suspended, causing the col-
loidal particles and coagulant not to bond with
each other. Therefore, the optimum dose for COD
removal in groundwater is 0.025 grams/L, as it
can reduce the COD value by 38%. Research has
reported that the use of banana peels as a natural
coagulant in domestic wastewater at its optimum
dose can lessen the COD value by 79.89% (Zaidi
et al., 2022). An even better result in reduction
efficiency was reported by (Kumar et al., 2017),
who found that using Moringa oleifera seeds
could reduce the COD value by 83%.

Measurement of biological oxygen demand

In this study, the measurement of BOD levels
was conducted using the SNI 6989.72:2009 stan-
dard with the Winkler method. The application of
Moringa oleifera seed and Acanthus ilicifolius leaf
biocoagulants on water samples was conducted to
determine the ability of the biocoagulants to re-
duce the pollutant load of the water samples. One
of the parameters that can determine whether wa-
ter is polluted is by measuring the environmental
parameter BOD. The results of the biocoagulant
measurements on the BOD values can be seen in
Figure 5. The biocoagulants used in this study in-
cluded four treatments: control without biocoagu-
lant treatment =P0, Moringa oleifera seed =P1,
Acanthus ilicifolius leaf = P2, and a combination
of Moringa oleifera and Acanthus ilicifolius Mor-
inga oleifera and Acanthus ilicifolius leaves = P3,
with dosage variations of 0.025 grams and 0.05
grams during a 30-minute sedimentation period.

On the basis of the research results of the bio-
coagulant application on BOD values as shown in
Figure 5, it is indicated that before the treatment
with the addition of Moringa oleifera seed coagu-
lant and Acanthus ilicifolius, the BOD value was
at 8.8 mg/L. After the biocoagulant treatment was
applied, the BOD value decreased from 8.5 mg/L
to 4.2 mg/L. According to Figure 5, the mea-
surement results show that in treatment P1 with
a dose of 0.025, the BOD value decreased from
the initial condition of 8.5 to 5.4 mg/L, while at
a dose of 0.05 grams/L, the BOD value became
7.1 mg/L, resulting in a BOD reduction of 39%
in treatment P1. In treatment P2, the BOD value
at a dose of 0.025 grams was 4.6 mg/L, while at
a dose of 0.05 grams/L, the BOD value was 8.5
mg/L, with a BOD reduction percentage of 48%
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in treatment P2. In treatment P3, the BOD value
at a dose of 0.025 grams was 4.2 mg/L, and at a
dose of 0.05 grams/L, the BOD reduction was 7
mg/L, with a BOD reduction percentage of 52%
in treatment P3.

The decrease in BOD levels occurs due to the
presence of cationic proteins in the Moringa ole-
ifera seed biocoagulant used, which plays a role
in the biocoagulant. Additionally, the tannin con-
tent found in the leaves of Acanthus ilicifolius also
plays a significant role in the coagulation-floccula-
tion process in the groundwater sample, leading to
a reduction in BOD levels. The tannin compounds
contained in the Acanthus ilicifolius leaves are
believed to be able to form complexes, accelerate
the sedimentation process, and bind other mac-
romolecules Another reason is that tannins have
a high molecular weight and contain long chain
structures (Benalia et al., 2024), thus providing
sufficient active hydrogen for the coagulation-
flocculation process and absorption on colloids.
Therefore, tannin-based coagulants are very effec-
tive in colloidal adsorption, which likely involve
substitution reactions and do not have electro-
philic groups. Adsorption and neutralization oc-
cur due to the absorption of two ions with positive
and negative charges between particles when the
polysaccharide coagulant chain absorbs particles.
According to Bolto & Gregory (2007), to bridge
flocculation, there must be sufficient empty sur-
face area so that there is a place for the adsorbed
polymer chain segments or colloids to adhere to
the coagulum surface, thereby showing statisti-
cally significant results in removing colloids, total
solids, and turbidity from wastewater samples.

Figure 4 shows that Treatment P3, a combina-
tion of Moringa oleifera and Acanthus ilicifolius
leaves, is the treatment with the highest reduction
efficiency, with a reduction percentage of 52%.
Therefore, the optimum dose for BOD removal is
at a dose 0f 0.025 grams/L in Treatment P3. There
is a decrease in BOD removal efficiency at the
dose of 0.05 grams/L used. This occurs because
the more coagulant used, the more the sample wa-
ter and the coagulant become saturated (Fitriani et
al., 2024). This condition arises because the water
and coagulant do not interact to form flocs, and
more particles will remain suspended, causing the
colloidal particles and coagulant not to bond with
each other. Thus, it can no longer form floc aggre-
gates, and this can cause the floc to be unable to
maintain its floc aggregate concentration. Simi-
lar results were found in the study (Dela Justina

et al., 2018), on milk waste, where the BOD re-
moval efficiency of tannin-based biocoagulants
was optimal at a dose of 300mg/L. Therefore, if
the dose is increased, the BOD removal efficiency
will decrease as the coagulant dose increases.

Measurement of the total suspended solids
parameter

The application of Moringa oleifera seed and
Acanthus ilicifolius leaf biocoagulants on ground-
water samples was conducted to determine the
ability of the biocoagulants to reduce the pollut-
ant load of the water samples, where one of the
parameters that can determine whether water is
polluted is by measuring the environmental pa-
rameter known as TSS. The results of the bioco-
agulant measurements on the TSS values can be
seen in Figure 6. The biocoagulants used in this
study included four treatments: control without
biocoagulant treatment = PO, Moringa oleifera
seeds = P1, Acanthus ilicifolius leaves = P2, and
a combination of Moringa oleifera and Acanthus
ilicifolius = P3, with dose variations of 0.025
grams and 0.05 grams during a 30-minute sedi-
mentation period.

Figure 6 shows that before the treatment of
adding Moringa oleifera seed coagulant and
Acanthus ilicifolius leaf, the TSS value was 41
mg/L. After the addition of biocoagulant treat-
ment, the TSS value decreased differently based
on the type of coagulant and the dosage used,
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Figure 6. Variation in types of coagulants and
coagulant doses on TSS values, treatment:
PO = control, P1 = Moringa seeds, P2 = A. ilicifolius
leaves, P3 = combination of Moringa seeds
and A. illcifolius leaves
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with TSS values ranging from 30 mg/L to 20.5
mg/L. On the basis of Figure 6, the measurement
results show that in treatment P1 with a dosage
of 0.025, the TSS value decreased from the ini-
tial condition of 41 to 27 mg/L, while at a dos-
age of 0.05 gram/L, the TSS value became 30
mg/L, resulting in a 34% reduction in TSS value
in treatment P1. In treatment P2, the TSS value at
a dosage of 0.025 gram showed a decrease from
the initial condition of 41 to 23 mg/L, while at
a dosage of 0.05 gram/L, the TSS value became
28 mg/L, with a 44% reduction in TSS value in
treatment P2. In treatment, P3, the TSS value at a
dosage of 0.025 gram showed an increase to 180
mg/L, and at a dosage of 0.05 gram/L, the TSS
value increased to 412 mg/L, with a 78% reduc-
tion in TSS value in treatment P3.

Moringa oleifera and Acanthus ilicifolius leaf
biocoagulants are quite effective in reducing TSS
pollutant load. This is because the coagulation
process aids sedimentation and can collect total
suspended solids along with the biocoagulant
used due to the interaction between colloids and
particles. The protein content containing positive
ions in Moringa oleifera seeds and Acanthus ilici-
folius leaves can interact with negatively charged
particles, assisted by the jar test mechanism. Be-
fore using the biocoagulant, the TSS pollutant
load was 41 mg/L, and after adding the coagu-
lant, it decreased to 30-6.41 mg/L. The combina-
tion biocoagulant of Moringa oleifera and Acan-
thus ilicifolius leaves in treatment P3 at a dose
of 0.025 grams is the most optimal treatment, be-
cause it can reduce the highest TSS value by 78%.

The decrease in TSS levels is caused by the
properties of Moringa oleifera and Acanthus il-
icifolius leaves, which contain proteins and tan-
nins that can dissolve in water. When dissolved,
these biocoagulants will generate a large amount
of positive charge. Therefore, the biocoagulants
will react to become natural polymeric biocoag-
ulants with a positive charge. Thus, when rapid
and slow stirring is performed, the cationic pro-
teins and tannins that play a crucial role in the
coagulation-flocculation process will be distrib-
uted throughout the water containing negatively
charged colloidal particles, leading to interactions
between the colloids and the natural coagulant
(Camacho et al., 2017). The success of the coagu-
lation and flocculation processes in water purifi-
cation is greatly influenced by the sedimentation
time, type of coagulant, and coagulant dosage.
The research conducted by Precious Sibiya et al.,
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(2021), using a combination of conventional co-
agulants and natural coagulants found that the use
of natural coagulants from eggshells effectively
reduced TDS levels by up to 80% in water and
wastewater treatment, indicating the potential of
natural coagulants for the future.

However, the addition of a 0.05 gram/L dose
shows an increase in the amount of TSS com-
pared to the addition of a 0.025 g/L dose in water.
This can occur because the excessive addition of
biocoagulants will increase the flocs that remain
floating due to the coagulation-flocculation pro-
cess not working optimally. This is caused by
the lack of space to connect between the coagu-
lant and the particles. According to the research
conducted by Ahmad et al., (2021), the results
showed a decrease in TSS levels at a dose of 0.1
g/L with a reduction of 70%. However, when the
mass ratio was increased from 100 to 1000 mg
TSS per mg of coagulant, the ability to reduce and
eliminate TSS did not show a significant differ-
ence in TSS removal, indicating that the ability to
reduce TSS reached its optimal condition. There-
fore, if the dose is increased, it will cause the flocs
to break (Adelodun et al., 2020), resulting in the
remaining natural coagulant contaminating the
solution because it does not interact with the col-
loids. Higher coagulant doses increase TSS lev-
els, making the water more turbid, as not all par-
ticles interact with the colloidal particles to form
flocs in the water.

Measurement of the total dissolved solids
parameter

One of the parameters of clean water that
need to be considered is total dissolved solids
(TDS), the TDS value is a physical parameter that
can determine whether the water is contaminated
or not and whether it is suitable for use. In this
study, the measurement of Total Suspended Sol-
ids was conducted using the gravimetric method.
The application of Moringa oleifera seed and
Acanthus ilicifolius leaf biocoagulants on water
samples was conducted to determine the ability
of the biocoagulants to reduce the pollutant load
of the water samples, both organic and inorgan-
ic substances. The change in TDS values in the
water samples before and after treatment can be
seen in Figure 7. The biocoagulants used in this
study included four treatments: control without
biocoagulant treatment = PO, Moringa oleifera =
P1, Acanthus ilicifolius leaves = P2, as well as a
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Figure 7. Variation in types of coagulants and
coagulant doses on TDS values, treatment:
PO = control, P1 = Moringa seeds, P2 = A. ilicifolius
leaves, P3 = combination of Moringa seeds
and A. illcifolius leaves

combination of Moringa oleifera seeds and Acan-
thus ilicifolius leaves =P3, with dosage variations
of 0.025 grams and 0.05 grams during a 30-min-
ute sedimentation period.

After the addition of biocoagulant treatment,
the TDS value decreased from 457 mg/L to 313
mg/L. The measurements in Figure 7 show that
the P1 treatment with a dose of 0.025 grams low-
ered the TDS value from 476 mg/L to 380 mg/L.
At a dose of 0.05 grams/L, the TDS value rose
to 414 mg/L, which means that the P1 treatment
lowered the TDS value by 20%. The P2 treatment
with a dose of 0.025 grams showed a TDS val-
ue from the initial condition of 476 mg/L to 331
mg/L, while at a dose of 0.05 grams/L, the TDS
value became 360 mg/L, with a TDS reduction
capability percentage of 30% in P2. Meanwhile,
the P3 treatment with a dose of 0.025 grams
showed a TDS value of 180 mg/L, and at a dose
0f 0.05 grams/L, the TDS value reduction became
412 mg/L, with a TDS reduction capability per-
centage of 62% in P3.

The ability of Moringa oleifera seeds and
Acanthus ilicifolius leaves as natural coagulants
in the clarification process and the obtained
TDS reduction value indicates that the optimum
TDS reduction is at a coagulant dose of 0.025
grams/L with a total reduction of 62%, mak-
ing treatment P3 the treatment with the highest
TDS reduction value. The removal of TDS at that
dosage is optimal, because the total dissolved
solids in the well water sample and the used co-
agulant dosage are appropriate. This allows the

coagulation-flocculation and sedimentation pro-
cesses of colloidal particles that cause high TDS
values to proceed maximally. This is due to the
cationic proteins present in Moringa oleifera
seeds and the active tannin compounds contained
in Acanthus ilicifolius leaves, which are gener-
ally positively charged and opposite to the nega-
tively charged colloidal particles, thus capable of
attracting the colloidal particles that cause TDS
(Hak et al., 2019).

The measurement of TDS values based on the
graph in Figure 7 shows that the coagulant dose
affects the reduction of TDS values. TDS values
are greatly influenced by macromolecular-sized
mineral substances and other ionic compounds
that can generally be dissolved into a solution.
The addition of coagulant at a dose of 0.05 grams,
as shown in Figure 7, increased TDS values. The
more coagulants used, the higher the TDS values
can increase. This is because there are residual
coagulants that do not bind the colloids, reduc-
ing the coagulant’s ability to lower TDS values.
Additionally, the increase in TDS values is due to
the higher content of dissolved minerals and ionic
compounds in the water, which also decreases
during treatment. TDS is greatly influenced by
the content of minerals, charged macromolecules,
and other ionic compounds that can be dissolved
or dissociated into a solution. (Kristianto, 2017).
A similar finding was obtained by (Thakur and
Choubey, 2014), in their research, where the natu-
ral coagulant activity of acacia catechu plant ex-
tract, utilizing tannin extract as a biocoagulant,
was able to reduce the TDS value by 57.4% in
pond water from 390 mg/L to 170 mg/L at a dos-
age of 4 ml/L. However, there was a deviation in
the TDS value when the coagulant dosage was in-
creased to 5 ml/L, rising to 210 mg/L.

Measurement of the E. coli bacteria parameter

One of the important parameters to know is
the biological parameter marked by the presence
of bacteria in groundwater, such as Escherichia
coli, which originate from human or animal feces
or activities around the groundwater source. The
biocoagulants used in this study included four
treatments: control without biocoagulant treat-
ment = PO, Moringa oleifera seeds = P1, Acan-
thus ilicifolius leaves = P2, and a combination of
Moringa oleifera and Acanthus ilicifolius leaves
= P3, with dosage variations of 0.025 grams and
0.05 grams during a 30-minute sedimentation
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period. The activity of the biocoagulants in re-
ducing Escherichia coli bacteria can be seen in
Figure 8.

Figure 8 shows that based on the research
results, the application of biocoagulants on E.
coli bacterial content indicates that the initial
condition before the treatment with the addition
of Moringa oleifera seed coagulant and Acan-
thus ilicifolius leaf showed an E. coli bacterial
content of 109 ml. After the treatment with the
addition of biocoagulants, the E. coli bacterial
content decreased from 35 ml to 8 mg/L. On the
basis of Figure 8, in treatment P1 with a dose of
0.025, the E. coli content decreased from the ini-
tial condition of 109 ml to 35 mg/L, while at a
dose of 0.05 gram/L, the E. coli content became
11 mg/L, resulting in a 67% reduction in E. coli
content in treatment P1. In treatment P2, the E.
coli content at a dose of 0.025 grams became 33
mg/L, while at a dose of 0.05 gram/L, the E. coli
content became 9 mg/L, with a 68% reduction in
E. coli content in treatment P2. In treatment, P3,
the E. coli content at a dose of 0.025 gram was
10 mg/L, and at a dose of 0.05 gram/L, the E. coli
content became 8 mg/L, with a 92% reduction in
E. coli content in treatment P3.

E. coli is a bacterium found in the digestive
tracts of animals and humans. E. coli is also pres-
ent in surface water due to water distribution
from rivers, and seas, contamination from ani-
mal and human waste, or water sources near hu-
man pollution sources (Khan et al., 2021). This
is what causes the presence of E. coli bacteria
in the groundwater samples used. The removal
of E. coli in this study is because Moringa ole-
ifera seeds have bactericidal activity. This was
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demonstrated in a study utilizing Moringa ole-
ifera plant water extract, which can inhibit the
growth of pathogens and bacteria, including
Staphylococcus aureus, Bacillus subtilis, Esche-
richia coli, and Pseudomonas aeruginosa at cer-
tain doses (Dede, 2020). This indicates that Mor-
inga oleifera seeds have bactericidal capabilities,
along with the presence of rhamnosyloxy-ben-
zyl-isothiocyanate, which can act as an antibac-
terial agent. According to research by (Kacem et
al., 2024), The research that uses moringa seeds
(M. oleifera) as a natural antibacterial coagulant
in wastewater purification, provides excellent
results with an efficiency of 98% reduction in
total coliform bacteria, 98% reduction in fecal
coliform, and 100% reduction in Escherichia coli
and streptococcus at a dose of 20 g-L.

Not only the Moringa oleifera seed content,
but also the tannin content found in the leaves of
Acanthus ilicifolius can act as a bacterial growth
inhibitor. Tannins can inhibit bacterial growth,
because they have a toxic effect (Grehs et al.,
2019). The poisonous effect of tannins will cause
the bacterial cell membrane to shrink, leading
to the shrinkage of the cytoplasmic membrane
and resulting in changes in cell permeability.
In cells, the cytoplasmic membrane is the site
for the entry and exit of nutrients and maintain-
ing the integrity of cell components. Therefore,
if the bacterial cell membrane is damaged, the
bacteria will die (Czerkas et al., 2024). Accord-
ing to the research conducted by (Latief et al.,
2022), the extract of Acanthus ilicifolius leaves
has antibacterial activity against Klebsiella, CN,
Escherichia coli, Entero 5, Entero 10, and Pseu-
domonas sp.

Treatment:
P0=Control
P1=Moringa seeds
P2 = A.iilicifolius
leaves

P3 = Combination
of Moringa seeds
and A.illcifolius
leaves

= Dose 0,05 gram

Figure 8. Variation in types of coagulants and coagulant doses on E. coli values, treatment: PO = control, P1=
Moringa seeds, P2 = A. ilicifolius leaves, P3 = combination of Moringa seeds and A. illcifolius leaves
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Characterization of a coagulant and sediment
used scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopy (EDS)

Characterization of the surface morphology
of water deposits as well as Moringa oleifera and
Acanthus ilicifolius biocoagulants was conducted
using scanning electron microscopy (SEM) imag-
ing techniques. SED PC-std can be seen in Figure
9 with 4 types of scales: 100 um scale with 300
kx magnification and landing energy capacity at
15kV, 50 pm scale with 500 kx magnification and
landing energy capacity at 15kV, 20 pm scale with
1000 kx magnification and landing energy capac-
ity at 15kV, and 10 um scale with 200 kx magnifi-
cation and landing energy capacity at 15kV. This
allows for observation of the surface morphology
of the deposits resulting from the coagulation and
flocculation processes that have been carried out.

Figure 9 shows how the surface of the precip-
itate between the coagulant and the colloidal par-
ticles merges and clumps together with the coagu-
lant from Moringa oleifera seeds and Acanthus
ilicifolius leaves. Moringa oleifera seeds have a

o
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molecular weight of 6000-16000 daltons, which
are long-chain carbon compounds (polymers),
thus possessing active groups as adsorbents. Col-
loidal particles will adhere to the active groups,
forming flocs. The merging of one floc with an-
other forms larger and stronger flocs, which then
precipitate (Camacho et al., 2017). The coagula-
tion mechanism of this type is called interparticle
bridging. Cationic proteins with a positive charge
will combine with colloids that have a negative
charge, which over time will form flocs and be-
come large clumps capable of precipitating the
colloids causing water turbidity. The cationic
protein content in Moringa oleifera seeds and
the tannin content in Acanthus ilicifolius leaves,
which contain amine groups, can be used for wa-
ter treatment, indicating that proteins and tannins
are cationic due to their tertiary monomer amine
groups. The effectiveness of tannins as natural co-
agulants in water treatment is influenced by the
chemical structure of tannins. The presence of
phenolic groups in tannins indicates that tannins
possess cationic properties, because they are good
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Figure 9. Characterization of colloidal precipitates and natural coagulants: (a) 300x, (b) 500x, (c) 1000x,
(d) 2000x zoom
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hydrogen donors capable of destabilizing colloids
present in water (Tetteh and Rathilal, 2021).

CONCLUSIONS

The combination of Moringa oleifera seed
biocoagulant and Acanthus ilicifolius leaf to im-
prove the quality of groundwater can be utilized.
At the optimum dose and type of coagulant used,
the percentage reduction in each parameter tested
on groundwater including pH with the optimum
pH known to be 7 was as follows: COD with a
reduction percentage of 38%, BOD with a reduc-
tion percentage of 52%, TSS with a reduction per-
centage of 78%, TDS with a reduction percentage
of 62%, and E. coli bacteria with a reduction per-
centage of 92%. The optimum dose used in this
study was 0.025 grams/L, while increasing the
dose further yielded suboptimal results in several
parameters. Future research using the same type
of coagulant with different parameters and vary-
ing sedimentation times is hoped to be conducted.

REFERENCES

1. Aboulhassan, M. A., Souabi, S., Yaacoubi, A., &
Baudu, M. (2016). Coagulation efficacy of a tannin
coagulant agent compared to metal salts for paint
manufacturing wastewater treatment. Desalination
and Water Treatment, 57(41), 19199-19205. https://
doi.org/10.1080/19443994.2015.1101016

2. Adelodun, B., Ogunshina, M. S., Ajibade, F. O., Ab-
dulkadir, T. S., Bakare, H. O., & Choi, K. S. (2020).
Kinetic and prediction modeling studies of organic
pollutants removal from municipal wastewater us-
ing Moringa oleifera biomass as a coagulant. Water
(Switzerland), 12(7), 1-14. https://doi.org/10.3390/
w12072052

3. Ahmad, A., Abdullah, S. R. S., Hasan, H. A., Oth-
man, A. R., & Ismail, N. I. (2021). Plant-based
versus metal-based coagulants in aquaculture
wastewater treatment: Effect of mass ratio and
settling time. Journal of Water Process Engineer-
ing, 43(August), 102269. https://doi.org/10.1016/j.
jwpe.2021.102269

4. AlMoharbi, S. S., Devi, M. G., Sangeetha, B. M., &
Jahan, S. (2020). Studies on the removal of copper
ions from industrial effluent by Azadirachta indica
powder. Applied Water Science, 10(1), 1-10. https://
doi.org/10.1007/s13201-019-1100-z

5. Amagloh, F. K., & Benang, A. (2009). Effective-
ness of Moringa oleifera seed as coagulant for

378

water purification. African Journal of Agricultural
Research, 4(2), 119-123.

6. Anisa, R. W. R., Fahruddin, & Taba, P. (2024).
Removal of divalent copper ions from aque-
ous solution using Sorghum bicolor L. stem
waste as an effective adsorbent. Journal of Eco-
logical Engineering, 25(5), 165—-174. https://doi.
org/10.12911/22998993/185771

7. Asrafuzzaman, M., Fakhruddin, A. N. M., &
Hossain, M. A. (2011). Reduction of turbid-
ity of water using locally available natural coagu-
lants. ISRN Microbiology, 2011, 1-6. https://doi.
org/10.5402/2011/632189

8. Aysen, Ercumen, Kane, E., Shea, D., Guthrie, E.,
& Nichols. (2024). Diagnostic screening of pri-
vate well water using gas chromatography with
high resolution mass spectrometry to support well
water management. science of the Total Enviro-
ment, 953. https://doi.org/https://doi.org/10.1016/j.
scitotenv.2024.175945

9. Benalia, A., Derbal, K., Amrouci, Z., Baatache, O.,
Khalfaoui, A., & Pizzi, A. (2024). Application of
plant-based coagulants and their mechanisms in wa-

ter treatment: A review. Journal of Renewable Mate-
rials, 12(4), 667-698. https://doi.org/10.32604/jrm

10..2024.048306

11. Bolto, B., & Gregory, J. (2007). Organic poly-
electrolytes in water treatment. Water Research,
41(11), 2301-2324. https://doi.org/10.1016/j.
watres.2007.03.012

12. Camacho, F. P., Sousa, V. S., Bergamasco, R., &
Ribau Teixeira, M. (2017). The use of Moringa
oleifera as a natural coagulant in surface water
treatment. Chemical Engineering Journal, 313,
226-237. https://doi.org/10.1016/j.cej.2016.12.031

13. Chaibakhsh, N., Ahmadi, N., & Zanjanchi, M. A.
(2014). Use of Plantago major L. as a natural coagu-
lant for optimized decolorization of dye-containing
wastewater. Industr

14.ial Crops and Products, 61, 169—175. https://doi.
org/10.1016/j.indcrop.2014.06.056

15. Czerkas, K., Olchowik-Grabarek, E., Lomanowska,
M., Abdulladjanova, N., & Sckowski, S. (2024). An-
tibacterial activity of plant polyphenols belonging to
the tannins against Streptococcus mutans — poten-
tial against dental caries. Molecules, 29(4). https://
doi.org/10.3390/molecules29040879

16. Das, N., Ojha, N., & Mandal, S. K. (2021). Waste-
water treatment using plant-derived bioflocculants:
Green chemistry approach for safe environment.
Water Science and Technology, 83(8), 1797-1812.
https://doi.org/10.2166/wst.2021.100

17.Dede, N. rival. (2020). Wellness and healthy
magazine. 2(February), 187-192. https://doi.
org/10.30604/well.268422022



Journal of Ecological Engineering 2025, 26(3), 365—-380

18. Dela Justina, M., Rodrigues Bagnolin Muniz, B.,
Mattge Broring, M., Costa, V. J., & Skoronski, E.
(2018). Using vegetable tannin and polyaluminium
chloride as coagulants for dairy wastewater treat-
ment: A comparative study. Journal of Water Pro-
cess Engineering, 25(June), 173—181. https://doi.
org/10.1016/j.jwpe.2018.08.001

19. Dong, Y., Goa, J., Tao, L., Wu, J., Zhu, P., Huan,
H., Zheng, H., & Huang, T. (2024). Alinization of
groundwater in shale gas extraction area in the Sich-
uan Basin, China: Implications for water protection
in shale regions with well-developed faults. science
of the Total Enviroment, 915. https://doi.org/https://
doi.org/10.1016/j.scitotenv.2024.170065

20. Eccles, K. M., Checkley, S., Sjogren, D., Barkema,
H. W., & Bertazzon, S. (2017). Lessons learned
from the 2013 Calgary flood: Assessing risk of
drinking water well contamination. Applied Ge-
ography, 80, 78-85. https://doi.org/10.1016/j.
apgeog.2017.02.005

21.Ferrari, A. M., Marques, R. G., de Souza, R. P,
Gimenes, M. L., & Fernandes, N. R. C. (2020).
Treatment of wastewater from a gas station by tan-
nin-based coagulant and the sludge characteristics.
Desalination and Water Treatment, 203, 112—118.
https://doi.org/10.5004/dwt.2020.26230

22.Fitriani, N., Supriyanto, A., Jariyah, N. 1., Putri-
adji, R. A. D., Pratama, M. B. P, Jusoh, H. H. W,
Ismail, A., & Kurniawan, S. B. (2024). Effects of
dosage and stirring speed variations in the use of
bittern as a natural coagulant to remove biologi-
cal oxygen demand, chemical oxygen demand,
total suspended solids and dye concentrations
from batik industry wastewater. Journal of Eco-
logical Engineering, 25(11), 83-99. https://doi.
0rg/10.12911/22998993/192676

23.Gao, Q., Demissie, H., Lu, S., Xu, Z., & Ritigala,
T. (2021). Journal of environmental chemical en-
gineering impact of preformed composite coagu-
lants on alleviating colloids and organics-based
ultrafiltration membrane fouling: Role of polymer
composition and permeate quality. Journal of En-
vironmental Chemical Engineering, 9(4), 105264.
https://doi.org/10.1016/j.jece.2021.105264

24. Grehs, B. W. N., Lopes, A. R., Moreira, N. F. F.,
Fernandes, T., Linton, M. A. O., Silva, A. M. T.,
Manaia, C. M., Carissimi, E., & Nunes, O. C.
(2019). Removal of microorganisms and antibiotic
resistance genes from treated urban wastewater: A
comparison between aluminium sulphate and tan-
nin coagulants. Water Research, 166. https://doi.
org/10.1016/j.watres.2019.115056

25. Gunawan, M. L. F., Prangdimurti, E., & Muhandri,
T. (2020). Efforts to eliminate the bitter taste of mo-
ringa seed flour (Moringa oleifera) and its appli-
cation for functional foods. Jurnal Ilmu Pertanian

Indonesia, 25(4), 636—643. (In Indonesia) https://
doi.org/10.18343/jipi.25.4.636

26. Hak, A., Kurniasih, Y., & Hatimah, H. (2019). Ef-
fectiveness of using moringa seeds (Moringa oleif-
era, Lam) as a Coagulant to reduce TDS and TSS
levels in laundry waste. Hydrogen. Jurnal Kependi-
dikan Kimia, 6(2), 100. (In Indonesian) https://doi.
org/10.33394/hjkk.v6i2.1604

27.Hameed, Y. T., Idris, A., Hussain, S. A., Abdullah,
N., Man, H. C., & Suja, F. (2018). A tannin—based
agent for coagulation and flocculation of municipal
wastewater as a pretreatment for biofilm process.
Journal of Cleaner Production, 182, 198-205.
https://doi.org/10.1016/j.jclepro.2018.02.044

28.Hamzah, B., Rahmawati, S., Suwena, W. S., Har-
dani, M. F., & Hardani, R. (2020). Analysis of tannin
in sapodilla fruit (Manilkara zapota (1) van royen).
Rasayan Journal of Chemistry, 13(4), 2243-2248.
https://doi.org/10.31788/RJC.2020.1345753

29. Hidayat, S. (2009). Moringa oleifera seeds proteins
as water purification agent. Jurnal Online Universi-
tas Jambi, 2, 1-69 (In Indonesia).

30. Ibrahim, A., Yaser, A. Z., & Lamaming, J. (2021).
Journal of environmental chemical engineering
synthesising tannin-based coagulants for water and
wastewater application: A review. Journal of En-
vironmental Chemical Engineering, 9(1), 105007.
https://doi.org/10.1016/j.jece.2020.105007

31.Kacem, N. S., Derdour, R., & Djekoun, A.
(2024). Antibacterial Efficacy of Moringa oleif-
era Seeds for Water Purification. Journal of Eco-
logical Engineering, 25(11), 134—142. https://doi.
org/10.12911/22998993/192713

32. Kapse, G., & Samadder, S. R. (2021). Moringa oleif-
era seed defatted press cake based biocoagulant for the
treatment of coal beneficiation plant effluent. Journal
of Environmental Management, 296(June), 113202.
https://doi.org/10.1016/j.jenvman.2021.113202

33.Khalid Salem, A., Fadhile Almansoory, A., & Al-
Baldawi, 1. A. (2023). Potential plant leaves as
sustainable green coagulant for turbidity removal.
Heliyon, 9(5),e16278. https://doi.org/10.1016/j.he-
liyon.2023.e16278

34.Khan, F. M., Gupta, R., & Sekhri, S. (2021). Su-
perposition learning-based model for prediction of
E.coli in groundwater using physico-chemical wa-
ter quality parameters. Groundwater for Sustainable
Development, 13 (March 2020), 100580. https://doi.
org/10.1016/5.gsd.2021.100580

35. Kristianto, H. (2017). The Potency of Indonesia
native plants as natural coagulant: a Mini review.
Water Conservation Science and Engineering, 2(2),
51-60. https://doi.org/10.1007/s41101-017-0024-4

36. Kumar, V., Othman, N., & Asharuddin, S. (2017). Ap-
plications of natural coagulants to treat wastewater

379



Journal of Ecological Engineering 2025, 26(3), 365—-380

— A review. MATEC Web of Conferences, 103, 1-9.
https://doi.org/10.1051/matecconf/201710306016

37.Latief, M., Meriyanti., Fadhilah, Tarigan, Ayu,
Mabharani, R., Siregar, D., & Aulia. (2022). Isolasi
Senyawa Triterpenoid Ekstrak Etanol Daun Jeruju.
Journal of Chemistry, 16(1), 34—44.

38.Mailoa, M. N., Mahendradatta, M., Laga, A., &
Djide, N. (2013). Tannin extract of guava leaves
(Psidium guajava L) variation with concentration
organic solvents. International Journal of Scientific
& Technology Research, 2(9), 106-110.

39. Pichel, N., Hymno de Souza, F., Sabogal-Paz, L. P.,
Shah, P. K., Adhikari, N., Pandey, S., Shrestha, B.
M., Gaihre, S., Pineda-Marulanda, D. A., Hincapie,
M., Luwe, K., Kumwenda, S., Aguilar-Conde, J. C.,
Cortes, M. A. L. R. M., Hamilton, J. W. J., Byrne,
J. A., & Fernandez-Ibafiez, P. (2023). Field-testing
solutions for drinking water quality monitoring in
low- and middle-income regions and case studies
from Latin American, African and Asian countries.
Journal of Environmental Chemical Engineering,
11(6). https://doi.org/10.1016/j.jece.2023.111180

40. Precious Sibiya, N., Rathilal, S., & Kweinor Tetteh,
E. (2021). Coagulation treatment of wastewater: Ki-
netics and natural coagulant evaluation. Molecules,
26(3). https://doi.org/10.3390/molecules26030698

41. Pringgenies, D., Setyati, W. A., Wibowo, D. S., &
Djunaedi, A. (2020). Aktivitas antibakteri ekstrak
Jeruju Acanthus ilicifolius terhadap bakteri multi
drug resistant. Jurnal Kelautan Tropis, 23(2), 145—
156. https://doi.org/10.14710/jkt.v23i2.5398

42.Ramavandi, B. (2014). Treatment of water turbidity
and bacteria by using a coagulant extracted from

380

Plantago ovata. Water Resources and Industry, 6,
36-50. https://doi.org/10.1016/j.wri.2014.07.001

43. Tanjung,R.E.,Fahruddin, F., & Samawi,M.F. (2019).
Phytoremediation relationship of lead (Pb) by Eich-
hornia crassipes on pH, BOD and COD in groundwa-
ter. Journal of Physics: Conference Series, 1341(2).
https://doi.org/10.1088/1742-6596/1341/2/022020

44. Tetteh, E. K., & Rathilal, S. (2021). Application of
magnetized nanomaterial for textile effluent reme-
diation using response surface methodology. Mate-
rials Today: Proceedings, 38, 700-711. https://doi.
org/10.1016/j.matpr.2020.03.827

45. Thakur, S. S., & Choubey, S. (2014). Use of Tan-
nin based natural coagulants for water treatment:
An alternative to inorganic chemicals. International
Journal of ChemTech Research, 6(7), 3628-3634.

46. Varkey, A. J. (2020). Purification of river water
using Moringa oleifera seed and copper for point-
of-use household application. Scientific African, §.
https://doi.org/10.1016/j.sciaf.2020.e00364

47.Zaidi, N. syamimi, Chin Ting, W., Zhan Loh, Z.,
Burhanuddin Bahrodin, M., Azimatolakma Awang,
N., & Kadier, A. (2022). Assessment and optimiza-
tion of a natural coagulant (Musa paradisiaca) peels
for domestic wastewater treatment. Environmental
and Toxicology Management, 2(1), 7-13. https://
doi.org/10.33086/etm.v2i1.2901

48. Zakaria,N. H., Ibrahim, M. A., Majid, F. A. A., Hashim,
F., Johari, S. A. T. T., & Hasali, N. H. M. (2024). Ethno-
botany, phytochemistry and pharmacology of Acanthus
ilicifolius: A comprehensive review. Malaysian Jour-
nal of Medicine and Health Sciences, 20(4), 333-344.
https://doi.org/10.47836/mjmhs20.4.41



