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Resumen: El objetivo de este estudio es proponer
el uso del extracto de semilla de Moringa oleifera
como coagulante en el tratamiento de agua, eva-
luando su eficiencia en la eliminacién de diversos
parametros considerados minimos para garantizar
su potabilidad, en comparacién con el sulfato de
aluminio como coagulante convencional. El coa-
gulante a base de extracto de semilla de Moringa
oleifera es de facil adquisicién y uso, y cuando

se prepara de forma optimizada, cumple con los
estandares recomendados de potabilidad del agua.
Desde una perspectiva ambiental, su uso resulta
favorable, ya que no genera subproductos nocivos
al medio ambiente.
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Abstract: The aim of this study is to propose the
use of Moringa oleifera seed extract as a coagulant
in water treatment, with a reference to its effi-
ciency in removing various parameters considered
to be the minimum necessary for water potability,
compared to the use of aluminium sulphate as a
coagulant. The Moringa oleifera seed extract coag-
ulant is easy to acquire and use, and prepared in an
optimised way, it complies with the recommended
standards for water potability. In environmental
terms, its use is recommended because it does not
transmit harmful by-products to the environment.

Keywords: Coagulant; Moringa oleifera seed; Alu-
minium sulphate.

l. Introduction

Water treatment is a process in which the aim is to
remove or eliminate organic matter, sludge, sand
and analyse the physico-chemical and microbiolog-
ical characteristics through regulations to make it
ideal for human consumption [1].

The coagulation process is an essential stage in water
purification. This depends on converting suspended
particles into larger flocs that can settle or be easily
filtered out of the water. This process involves the
addition of certain chemicals called coagulants,
which can help flocculate suspended particles in
water. Moringa is sometimes used in the coagulation
process in water treatment, where it is known to have
certain proteins that are positively charged in solu-
tions and can bind to negatively charged particles to
remove turbidity from water [2, 3].

The use of Moringa oleifera seed as a coagulant
presents some challenges to overcome, as the
unfractionated seed also has other compounds
that are released along with the cationic proteins of
interest that can cause undesirable results, such as
residual organic carbon and cytotoxicity after water
treatment [4]. The core of Moringa oleifera seeds
contains approximately 36.7% protein, 34.6% lipids
and 5.0% carbohydrates (w/w), and as an unde-
sirable consequence, these compounds (organic
matter) can facilitate the new growth of microor-
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ganisms and lead to the formation of disinfection
by-products [2, 4].

Natural organic polymers have been used for more
than 4,000 years in India, Africa, and China as effi-
cient coagulants and as coagulation aids for high
turbidity water for domestic use in rural areas.
Beginning in the 19th century, chemical coagulants
such as iron chloride Il and aluminium sulphate
where they came to be used all over the world
to treat water for human consumption, which left
the use of coagulants in the background, except
in rural areas and developing countries that still
use them. However, chemical coagulants have an
impact on the environment and human health due
to their composition and higher cost [1]. It is there-
fore extremely important to use natural products
in order to minimise the environmental impact and
unnecessary cost increases in water treatment [5, 6].

The general aim of this article is to propose the
use of Moringa oleifera seed extract as a coagulant
in the treatment of drinking water, comparing its
efficiency with aluminium sulphate as a coagulant.

Water is one of the fundamental components of
sustainable development and its conservation is
essential for the preservation of biodiversity on our
planet. Urbanisation, changes in production and
consumption patterns in industrialised and devel-
oping nations provide current issues for water cycle
management; wastewater sanitation is one of them
posing a double threat to public health and envi-
ronmental protection [7]. However, it is extremely
imperative to adopt techniques aimed at treating
water to meet the quality requirements of potability
and environmental standards. The coagulation pro-
cess is widely used in water and sewage treatment,
as it is effective at removing suspended solids, tur-
bidity, organic matter, oil, chemical oxygen demand
(COD) and colour. The coagulation process is con-
ducted by adding a coagulant that allows small,
agglomerated particles (unstable fine particles) to
form into larger flocs that can settle. Coagulation
and flocculation are interlinked. Coagulation is the
process of grouping under high-speed mixing,
while flocculation is the process of sedimentation
under gentle mixing. Colloidal particles are neg-
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atively charged particles. Therefore, coagulation
is a chemical process involving the neutralisation
of these particles in water and wastewater, while
flocculation is a physical process involving the for-
mation of flocs from particles neutralised during the
coagulation process. Thus, large flocs form during
coagulation, and they aggregate and sediment
during flocculation [9,11].

Coagulation sedimentation is widely used in water
treatment due to its ease of maintenance and low
operating cost. Drinking water processing relies
heavily on coagulation sedimentation, which
accounts for approximately 5% of the total cost of
operating water treatment facilities [10].

It has been demonstrated that rapid stirring is an
efficacious method for accelerating the formation of
flocs, irrespective of the type of coagulant employed
and the presence or absence of a coagulant aid.

The incorporation of chitosan during the ini-
tial stages of stirring has been demonstrated to
enhance floc formation, as evidenced by the dimin-
ished residual turbidity.

The formation of large flocs did not necessarily
result in a reduction in the final turbidity, contrary
to the hypothesis. The utilisation of chitosan as a
coagulant aid did not result in the attainment of
the maximum floc size. However, the presence of
dissolved chitosan appeared to result in a more uni-
form floc size, which in turn led to a faster reduction
in residual turbidity.

A search for the isoelectric condition by varying the
concentration of added moringa proved an effec-
tive method for identifying the optimum moringa
concentration at which coagulation sedimentation
occurs most efficiently, thereby reducing residual
turbidity. This method was demonstrated to be effi-
cacious even when the initial turbidity was markedly
lower than that observed in wastewater. The utili-
sation of moringa as a coagulant aid may assist in
reducing the risk of polluting drinking water, as it is
a natural substance that is less deleterious than other
synthetic chemicals. Given the abundance and ubig-

Cuaderno

13

uity of chitosan, it could be a promising candidate
natural resource for replacing synthetic chemicals
that have been used for treating drinking water.

Il. Materials and Methods

The coagulation mechanism using Moringa oleif-
era to remove pollutants from water is due to the
combination of the coagulation and charge neu-
tralization mechanisms. This is like the coagulation
mechanism of aluminium sulphate [11]. Moringa
oleifera seeds contain significant amounts of sol-
uble cationic proteins, and when they are ground
into powder and added to turbid water, they release
positive charges, attracting negatively charged
particles such as mud, clay, bacteria and other par-
ticulates present in the water. Coagulation occurs
when the cationic proteins bind to the negative
particles, forming flakes [10]. Moringa oleifera can
clarify high, medium, and low turbidity water [2,12].
While aluminium-based coagulants are efficient in
a restricted range of pH levels in water treatment,
the use of Moringa oleifera seeds is independent of
the pH of the water to be treated for its efficiency.

Another beneficial effect that should be noted
when Moringa oleifera is used as a coagulant is
the effect of biological water treatment, which
occurs concomitantly with coagulation. This effect
is because Moringa oleifera contains an antimicro-
bial substance that acts on the microorganisms
that are found in the particles suspended in the
water and end up being eliminated along with the
sludge [7,9,13]. The use of Moringa oleifera seeds
and pods together with filtration in water treatment
shows good results and reduces the use of non-bio-
degradable chemical coagulants, as well as having
the advantages of less sludge generation, the pro-
duction of biodegradable sludge, good removal
of turbidity and colour, removal of almost 90% of
bacteria and maintaining the pH of the water. Other
advantages of the moringa seed extract are that
it is easy to handle, involves simple technologies
that unskilled professionals can operate, and is a
biodegradable extract [14,15].
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Regarding the quality of drinking water, a con-
siderable number of water supply systems that
provide drinking water to local people and com-
munities around the world are fed by surface water
sources [1,13].

Figure 1. Conventional water treatment system

The quality of surface water is important, among
other concerns, due to its widespread use as the
main source of drinking water for countless com-
munities around the world (figure 1).
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Note: adapted by Takaara [10].

Although the specific targets for surface water
treatment can vary depending on the source, water
quality and regulatory standards, the parameters
that usually require reduction are the same for
most surface waters and include turbidity, colour,
and organic matter content. Current surface water
purification methods include adsorption, mem-
brane filtration, ion exchange, advanced oxidation
processes and biological processes. However, tra-
ditional coagulation is still the most prevalent [12].

The conventional water treatment system consists of
coagulation followed by sedimentation, filtration and
often activated carbon adsorption (Figure 1) [10,12].
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Activated carbon
adsorption

Preparation of the coagulating solution from
Moringa oleifera seed extract

For the preparation of the bio-coagulant solution,
the ideology of the various authors was followed
Alam et al. [9] Alazaiza et al. [8]. According to the
authors, for an initial turbidity of 50 NTU, the best
dosage for the aqueous bio-coagulant would be at
a concentration of 2%, with 2 g of the ground sam-
ple of Moringa oleifera seeds in 100 ml of distilled
water. The procedure used was as follows:
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a) Figure 2. Shows the Moringa Oleifera seeds in two scenarios:
first, the seeds in their shells, and second, the seeds peeled
with a knife

Note: self-made source.
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Figure 3. Ground Moringa seed

Note: self-made source.

In order to improve contact between the particles,
it was necessary to reduce the particle size of the
seeds using a knife mill.

b) The active compound was extracted as follows:

I. Using a spatula and an analytical balance, 2 g of
Moringa oleifera seed powder was weighed.

Il. A 100 ml beaker was used to measure 100 ml of
distilled water.

lll. 2 g of Moringa oleifera seed powder was added
to a 600 ml beaker and then 100 ml of distilled
water was added to the same beaker.

IV. The mixture was placed on a magnetic stirrer for
high agitation for 4 minutes. The solution obtained
under these conditions corresponds to a concen-
tration of ground Moringa oleifera seeds of 20 g/I.

The mixture of ground Moringa oleifera seeds and
distilled water results in a whitish liquid with an
intense odour. Its shelf life is limited due to its bio-
degradation. For this reason, the Moringa oleifera
seed extract solutions were prepared on the days
of the Jar Test.

ALV,
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lll. Results and Discussion

After collecting the samples, it was necessary to
carry out an analysis of the different parameters
including turbidity, total dissolved solids, tempera-
ture, pH, aluminium, iron and manganese before
the Jar Test, so that a comparison could then be
made of the parameters analysed before and after
the treatment of the raw water. It should be noted
that Table 1 shows the values for the analyses of the
raw water parameters.

Table 1. Results of the analyses of the various parameters in
the raw water

Turbi- Tem-
Raw :it TDS pera- H Al Fe Mn
water Yy (mg/l) ture P (mg/l) (mg/l) (mg/l)
(NTU) )
stfg“{ 44 899 340 754 0095 1,500 0,8
Sam- ah 843 356 761 0,082 0101 0,5
ple 2
Sam- 5, g 332 743 0109 1,520 0,3
ple 3

Note: author’s source (2023).

a) Jar test using coagulant solution from
Moringa oleifera seed extract

Table 2. Turbidity results in jar tests using the Moringa oleifera
seed extract coagulant solution

Volume
(ml)
Turbidity
after test
1(NTU)
Turbidity
after test
2 (NTU)
Turbidity
after test
3(NTU)

10,4 8,6 6,8 4,9 6,2

6,6 6,0 59 5,6 4,4

5,8 5,4 6,1 16,15 15,1

Note: author’s source (2023).
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b) Jar test using aluminium sulphate coagu-
lant solution

Table 3. Results of jar tests using the aluminium sulphate
coagulant solution

Volume
(ml)
Turbidity
after test
1(NTU)

Turbidity
after test
2 (NTU)

Turbidity
after test
3 (NTU)

29,0 39 34

27,6 17,0 5,84 3,9 3,0

8,81 4,2 4,8 59 6,0

Note: author’s source (2023).

After the Jar Tests using the Moringa oleifera seed
extract coagulant solution and the aluminium sul-
phate coagulant solution, the samples with the best
turbidity were kept. Then the parameters (turbidity,
total dissolved solids, temperature, pH, aluminium,
iron and manganese) were analysed.

Table 4. Results of the parameter analyses after treating the raw
water with the coagulating solution from the Moringa oleifera
seed extract

Turbi- Tem-
dit TDS pera- H Al Fe Mn
y (mg/l) ture P (mg/l) (mg/l) (mg/l)

(NTU) o

(°C)
Test1 49 89,8 34,0 776 0,034 0,23 0,3
Test2 4,4 899 33,3 774 0,047 0,10 0,3
Test3 54 80,2 33,8 732 0,008 0,15 0,3

Note: author’s source (2023).
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Table 5. Results of the parameter analyses after treating the raw
water with the Aluminium Sulphate coagulant solution

Turbi- Tem-
:it TDs pera- H Al Fe Mn
Y (mg/l) ture P"  (mg/l) (mg/l) (mg/l)

(NTU) .

(°C)
Test1 3,4 975 343 651 0108 0,27 0,5
Test2 3,0 1011 326 673 0102 051 0,5
Test3 4,2 944 329 670 0115 018 0,7

Note: author’s source (2023).

Comparative evaluation of parameter concentra-
tion removal efficiency in raw water treatment using
Moringa oleifera extract coagulant Vs Aluminium
sulphate coagulant.

Turbidity

Table 6. Turbidity removal efficiency at the end of the tests
using the Moringa oleifera seed extract coagulant solution and
the aluminium sulphate coagulant solution

Turbidity removal Turbidity removal
efficiency with efficiency with
Moringa oleifera  aluminium sul-

(%) phate (%)
Test 1 88,86364 92,27273
Test 2 85,33333 90
Test 3 90,52632 92,63158
Note: author’s source (2023).
Cuaderno
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Figure 4. Comparative evaluation of turbidity removal
efficiency at the end of the tests using the Moringa oleifera
seed extract coagulant solution and the aluminium sulphate
coagulant solution
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Note: author’s source (2023).

The use of the Moringa Oleifera extract coagulant
obtained inferior results in relation to the removal
efficiency using the Aluminium Sulphate coagulant,
but according to [16, 17]. However, at the end of the
tests, the use of the Moringa oleifera seed extract
coagulant solution achieved up to 90.52632%
removal in test 3, and in tests 1 and 2 it removed
88.86364 and 85.33333%, respectively.

c) Total dissolved solids

Table 6 and Figure 5 show the total dissolved solids
removal efficiency values after the tests using the
Moringa oleifera seed extract coagulant solution
and the aluminium sulphate coagulant solution.

Table 7. Comparative evaluation of total dissolved solids
removal efficiency at the end of the tests using the Moringa
oleifera seed extract coagulant solution and the aluminium
sulphate coagulant solution

TDS removal
efficiency with
aluminium sul-

TDS removal
efficiency with
Moringa oleifera

(%) phate (%)
Test 1 0,11123
-8,4538
Test 2 -6,6429 -19,929
Test 3 6,96056 -9,5128

Note: author’s source (2023).
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Figure 5. Comparative graphical representation of the total
dissolved solids removal efficiency at the end of the tests using
the Moringa oleifera seed extract coagulant solution and the
aluminium sulphate coagulant solution
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Note: author’s source (2023).

The results for total dissolved solids removal effi-
ciency showed low removal efficiency for both the
treatment with the Moringa oleifera seed extract
coagulant solution and the aluminium sulphate
coagulant solution, but the use of the Moringa
oleifera seed extract coagulant solution proved to
be more efficient at removing total dissolved sol-
ids, with up to 6.96056% removal for trial 3. For
the treatment with aluminium sulphate, the results
were not satisfactory, obtaining negative values,
i.e. increasing the concentration of total dissolved
solids in all tests.

d) Temperature

Table 8 and Figure 6 show the temperature varia-
tion values after the tests using the Moringa oleifera
seed extract coagulant solution and the aluminium
sulphate coagulant solution.
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Table 8. Temperature variation at the end of the tests using the
Moringa oleifera coagulant solution and the aluminium sulphate
coagulant solution

Temperature
variation with
Moringa oleifera

Temperature
variation with alu-
minium sulphate

Test 1 0 0,3
Test 2 -2,3 -3
Test 3 0,6 -0,3

Note: author’s source (2022).

Figure 6. Temperature variation at the end of the tests using
the Moringa oleifera seed extract coagulant solution and the
aluminium sulphate coagulant solution
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Note: author’s source (2003).

Table 8 and Figure 6 show that there were small
variations in temperature at the end of the tests.
The temperature values at the end of the tests
remained close to the raw water value for each sam-
ple, with a maximum variation of 3 °C more for test
2 using the aluminium sulphate coagulant solution
and a minimum variation of 0 °C for test 1 using the
Moringa oleifera seed extract coagulant solution.
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Hydrogen potential

Table 9 and Figure 7 show the pH variation val-
ues after the tests using the Moringa oleifera seed
extract coagulant solution and the aluminium sul-
phate coagulant solution.

Table 9. pH variation at the end of the tests using the Moringa
oleifera seed extract coagulant solution and the aluminium
sulphate coagulant solution

pH variation

pH variation with with aluminium

Moringa oleifera

sulphate
Test 1 0,22 -1,03
Test 2 0,13 -0,88
Test 3 -0,11 -0,73

Note: author’s source (2023).

Figure 7. pH variation at the end of the tests using the Moringa
oleifera seed extract coagulant solution and the aluminium
sulphate coagulant solution
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Note: author’s source (2023).

Several studies that have used aluminium sulphate
to treat water point to a decrease in pH in relation
to its initial value [18, 19]. During the coagulation/
flocculation and sedimentation tests, this drop was
seen in the pH values of the tests using the alumin-
ium sulphate coagulant solution, and when using
the Moringa oleifera seed extract coagulant solu-
tion, there was a slight increase in values in tests 1

Cuaderno

19

and 2, and a slight drop in test 3 in relation to the
initial values.

Table 8 and Figure 7 show that there were greater
variations in pH in the tests using the aluminium
sulphate coagulant solution. The pH values at the
end of the tests showed that the use of the Moringa
oleifera seed extract coagulant solution was more
satisfactory than those obtained using the alumin-
ium sulphate coagulant solution, with the smallest
variation being 0.11 units less in test 3 using the
Moringa oleifera seed extract coagulant solution
and the largest variation being 1.03 units less in test
1 using the aluminium sulphate coagulant solution.

e) Aluminium

Table 10 and Figure 8 show the aluminium removal
efficiency values after the tests using the Moringa
oleifera seed extract coagulant solution and the
aluminium sulphate coagulant solution.

Table 10. Aluminium removal efficiency at the end of the tests
using the Moringa oleifera seed extract coagulant solution and
the aluminium sulphate coagulant solution

Aluminium remo-
val efficiency
with aluminium

Aluminium remo-
val efficiency with
Moringa oleifera

(%) sulphate (%)
Test 1 64,21053 -13,6842
Test 2 42,68293 -24,3902
Test 3 92,66055 -5,50459

Note: author’s source (2023).
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Figure 8. Aluminium removal efficiency at the end of the tests
using the Moringa oleifera seed extract coagulant solution and
the aluminium sulphate coagulant solution
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Table 11. Iron removal efficiency at the end of the tests using
the Moringa oleifera seed extract coagulant solution and the
aluminium sulphate coagulant solution

Iron removal
efficiency with
aluminium sul-

Iron removal
efficiency with
Moringa oleifera

(%) phate (%)
Test 1 84,6667 82
Test 2 90,099 49,505
Test 3 90,1316 88,1579

w

Ensaios
B Remocao de Aluminio com Moringa Oleifera
B Remocao de Aluminio com Sulfato de Aluminio

Note: author’s source (2023).

Aluminium removal in the treatment with the
Moringa oleifera seed extract coagulant solu-
tion showed better efficiency, reaching up to
92.66055% in trial 3, and was more efficient in all
trials, with trials 1 and 2 removing up to 64.21053
and 42.68293%. With the use of the aluminium sul-
phate coagulant solution, the results were negative
in terms of removal, with an increase in the con-
centration of aluminium of up to 24.3902% in the
treatment of sample 2, with samples 1 and 3 having
an increase of 13.6842% and 5.50459% in relation
to the raw water for both samples.

f) Iron

Table 11 and Figure 9 show the iron removal effi-
ciency values after the tests using the Moringa
oleifera seed extract coagulant solution and the
aluminium sulphate coagulant solution.
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Note: author’s source (2023).

Figure 9. Ferron removal efficiency at the end of the tests using
the Moringa oleifera seed extract coagulant solution and the
aluminium sulphate coagulant solution
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Note: author’s source (2023).

For iron removal, the treatment with the Moringa
oleifera seed extract coagulant solution showed
better efficiency, reaching up to 90.1316% in trial 3,
and was more efficient in all trials, with trials 1 and 2
removing up to 84.6667 and 90.099%. With the use
of the aluminium sulphate coagulant solution, the
results were lower than those obtained with the use
of the Moringa oleifera seed extract coagulant solu-
tion, but satisfactory, achieving a maximum removal
efficiency of 88.1579% in test 3, with tests 1 and 2
having reduced it by 82 and 49.505% compared to
the raw water for both samples.
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g) Manganese

Table 12 and Figure 10 show the manganese
removal efficiency values after the tests using the
Moringa oleifera seed extract coagulant solution
and the aluminium sulphate coagulant solution.

Table 12. Manganese removal efficiency at the end of the tests
using the Moringa oleifera seed extract coagulant solution and
the aluminium sulphate coagulant solution

Emotional man-
ganese removal
efficiency with
aluminium sul-

Manganese remo-

val efficiency with

Moringa Oleifera
(%)

phate (%)
Test 1 62,5 37,5
Test 2 40 0
Test 3 0 -133,333

Note: author’s source (2023).

Figure 10. Manganese removal efficiency at the end of the tests
using the Moringa Oleifera seed extract coagulant solution and
the Aluminium Sulphate coagulant solution
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For manganese removal, treatment with the Mor-
inga oleifera seed extract coagulant solution
showed better efficiency, reaching up to 62.5% in
trial 1, and was more efficient in all trials, with trials 2
and 3 reducing 40 and 0% of manganese. With the
use of the aluminium sulphate coagulant solution,
results were lower than those obtained with the
use of the Moringa oleifera seed extract coagulant
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solution, achieving a maximum removal efficiency
of 37.5% in trial 1, with trial 2 maintaining the same
concentration in relation to the raw water and trial
1 increasing 133.333% in relation to the raw water.

IV. Conclusions

The use of Moringa oleifera coagulant is highly rec-
ommended because it is optimally prepared and
meets the required standard for water potability.
In terms of economic evaluation and environmental
quality, the use of Moringa oleifera coagulant is also
unbelievably valuable, as its acquisition and prepa-
ration does not require a great deal of technology
or energy. The results obtained in the laboratory
analyses of the various parameters in three tests
showed satisfactory results and perfect removal
efficiency, although the use of the coagulant in the
proposal is recommended. With regard to environ-
mental quality, it does not contribute contaminating
by-products to the environment or the possibility of
contaminating the treated water.
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