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Abstract-Moringa oleifera is a plant whose seeds have protein
or polypeptide with coagulant properties. The present study
evaluated the effect of Moringa oleifera seed (MOS) extract as
primary coagulant and its mixture with aluminum sulfate in
the treating of superficial waters with turbidities between 72
and 118 NTU obtained from Náinari lagoon located in
Northwestern México. An average of 88.9% turbidity removal
was achieved when MOS extract was used as primary
coagulant with a dosage of 250 mg/l. In combination with
aluminum sulfate reached 96.5% of clarification, and
moreover is obtained saving 66% of chemical coagulant. The
MOS extract is a viable alternative to diminish the use of
chemical coagulants in the clarification of surface waters.
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I. INTRODUCTION

The access to safe drinking water is fundamental to
ensure the well-being of humanity. However, the water
resources of the world are being polluted through various
anthropogenic activities [1]. The use of fertilizers, manure,
cattle slurry and fungicides used in agriculture are the main
pollutants in surface waters [2]. Wastewater treatment is a
priority at the global level, because it is important to have
enough water of good quality, which will allow an
improvement of environmental, health and life quality [3, 4].
According to [5], water borne diseases are one of the main
problems in developed countries; about of 1.6 million
people are compelled to use contaminated water. Moreover,
in less developed countries, increasing population, urban
migration and environment strain have increased the
necessity for drinking water treatment [6].

Mexico has a great problem with the treatment of
wastewater. According to the Mexico’s National Water
Commission [7] in 2008 only the 40% was treated and by
2010 it aims to treat 60% of the total flow of sewage
systems. In this context, the shortage of water has promoted
the development of new technologies for treatment and
reuse of water in Mexico [8].

Among principal operational costs in the functioning of
wastewater treatment, plants are the coagulant agents as
aluminum sulfate and ferric sulfate [9, 10]. These products are
a limitation for the countries in process of development due
to their high cost, and the management of sewage sludge is
complicated by the high content of aluminum sulfate.

Similarly, the formations of aluminum hydrides affect the
turbidity, due to the precipitation. Furthermore the
coagulation with aluminum salts change the natural
alkalinity of the water, diminishing pH and the coagulant
effectiveness, also, and its efficiency is reduced on cold
water [11]. According to [12] the use of metals such a copper
in agriculture can reach waterbodies and the metals are
considered as major pollutants causing cytotoxic, mutagenic
and carcinogenic effects in animals. Recent studies had
shown that Al+3 and Fe+3 salts accumulated in the sludge are
stretchy related to diseases like Alzheimer and pre-senile
dementia [13].This has promoted the development of the new
clean, simple and cheap technologies that emerging
countries need [14, 15].

A viable alternative to minimize environmental impact
and reduce operational costs of wastewater treatment is the
application of vegetal products (cellulose, polysaccharide
gum, starch) which work as helpers on the coagulation-
flocculation processes [16, 17].

Naturally occurring coagulants are usually presumed
safe for human health. Moringa oleifera is a tropical
multipurpose tree known as the miracle tree, originally
grows at the north of India and today abounds throughout
the Tropic [18]. This tree is well known due to its high
nutritional content (proteins, peptides, linolenic acid, oleic
acid, linoleic acid, calcium, iron, vitamin C, and tocopherol)
and applications in medicine [19]. In the same way, previous
investigations reported the efficiency of MOS extract on
wastewater treatment as a coagulant agent, softening agent
and bactericidal agent [20, 21]. This property is caused by a
polypeptide that acts as a cationic polymer with a molecular
weight of about 13 kDa and an isoelectric pH point of 10
[22].

Several studies have reported that the MOS polypeptide
can be a viable alternative to partially or totally replace of
chemical products used on water treatment as aluminum
sulfate and iron chloride [23, 24]. Moreover, this extract
reduces operating costs in the water treatment and decreases
the concentration of aluminum in the sludge sedimented
[20].The aim of this investigation was the characterization of
Moringa olerifera seed and testing the seed extract as a
primary coagulant and combinated with aluminum sulfate
by the clarification of surface waters.
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II. MATERIALS AND METHODS

A. Moringa Oleifera Seed in Powder

Moringa oleifera seeds were collected from a field of
about 40 ha located in the State of Sonora in Northwest
Mexico. The healthy Seeds were collected and transported
in plastic bags at room temperature. The seeds were dried,
pealed by hand and grounded in a mortar until get a fine
powder. Finally, the resulting powder was sieved (212, 106
and 75 µm) and stored in plastic bags at room temperature.

B. Extraction of Moringa Oleifera Seed Oil

Reference [25] mentioned the extraction of the oil.
Specifically, in a 500 ml flask where added 70 g of MOS in
powder and 200 ml of hexane, this was mixed for 20 min
and recovered the solvent in a rotary evaporator (BUCHI,
Flawil, Switzerland). Finally, the residue was dried at 60ºC
in the oven (Felisa, model FE-291D, México D.F, México)
until get an amber-colored powder, without oil.

C. Proximate Composition and Moringa Oleifera Seed
Extract

Reference [26] pointed the analysis of moisture, ashes,
protein (Kjeldahl) and lipids (Soxhlet). The active
compound was obtained by mechanical extraction, mixing 5
g of MOS in 200 ml of distilled water and stirred for 1 min.
The suspension was filtered with Whatman paper No. 42
and the filtrate was diluted to 1 l with tri-distilled water to
obtain a stock solution of 5000 mg/l [19].

D. Coagulation-Flocculation Studies

The water samples were collected at Náinari lagoon,
located in Ciudad Obregón, Sonora, México, in July 2008.
The sampling was made in plastic tanks of 20 l and stored at
room temperature until use.

The analyses of coagulation-flocculation were evaluated
through jars tests at room temperature (25ºC) [6, 21]. The
extracts of MOS in solution (50, 100, 150, 150, 200, 250,
300, 350 and 400 mg/l) and aluminum sulphate (10, 30, 50,
70, 90, 110, 130 and 150 mg/l) were evaluated as a primary
coagulant at different concentrations. Besides, the extract of
MOS was tested in combination with aluminum sulfate, as
shown in the Table 1.

TABLE I CONJUNTIVE USE TEST: ALUMINUM SULFATE AND MORINGA

OLEIFERA SEED EXTRACT DOSE MATRIX

Aluminum Sulfate  + Moringa Oleifera Seed Extract
(mg/l)

30 + 50 40 + 50

30 + 100 40 + 100

30 + 150 40 + 150

30 + 200 40 + 200

30 + 250 40 + 250

Specifically, 500 ml of sample water was poured into
beakers of 1 l and placed on jars equipment. The unity was
started and adjusted to quick mix (120 rpm during 4 min).
The dosages of the coagulant agents were added;

subsequently the revolutions were diminished to 20 rpm by
20 min, and let it rest over 10 min. Finally, the residual
turbidity was registered with a turbidimeter (VWR
Scientific, USA).

E. Statistical Analysis

Batch experimental were conducted in triplicate (N = 3)
and data represent the mean value. The statistical
significance of differences between means (p<0.05) was
estimated by ANOVA using Statgraphic plus 4.0 (StatPoint
Technologies, Inc, Warrenton, VA, USA).

III. RESULTS AND DISCUSSION

A. Proximate Composition of Moringa Oleifera Seed

The lipid content in MOS powder without defatted was
35.96 ± 0.186% while defatted MOS powder presented 1.04
± 0.20%, these results indicated a removal efficiency of
97.1% compared with the MOS powder without defatted.
The values of the lipids content in MOS samples are similar
to those reported by [27, 28], who pointed a percentage in
the range of 40.39 to 41.58.

According to [29] the variation in the lipids content can
be attributed to the region from planted and the growing
conditions of the plant, and may diverge in a range from 30
to 42% of lipids. Also, the extraction efficiency can differ
from the reported values as in [11] who reported a lipid
remotion percentage of 83 and 65, respectively. Table 2
gives the proximate composition of MOS defatted in
powder.

TABLE II PROXIMATE COMPOSITION OF MORINGA OLEIFERA

SEED DEFATTED

Analysis Results (%)

Moisture 7.63 ± 0.06

Ashes 6.05 ± 0.03

Lipids 1.04 ± 0.20

Protein 59.58 ± 0.20

Means values of n = 3, triplicate determination ± standard deviations

The percentage of protein obtained in the present work is
similar to reported values by [30] who mentioned a 60% of
protein in MOS defatted. Furthermore,[27] pointed that
MOS defatted in the area of Nigeria presents 69% of protein,
while [28] reported 49.25% of protein in the region of
Pakistan. This shows that the content of protein of our
investigation is within the range and the variations are
related to the geographic region.

B. Moringa Oleifera Seeds Extract and Aluminum Sulfate
as Primary Coagulants

The MOS extract used as a primary coagulant reached a
clarification efficiency of 88.9% on water samples with an
initial turbidity of 118 NTU, using a dosage of 250 mg/l and
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sedimentation time of 10 min (Figure 1). These results are
similar than those reported by [31], who pointed that MOS
extract applied at dosages of 250 mg/l to water with initial
turbidity of 270 to 380 NTU gave a residual turbidity below
to 4 NTU. Likewise, [24] found that a dosage of 250 mg/l of
MOS extract was effective to reduce 98.2% surface water
samples with initial turbidity of 109 to 190 NTU.

Fig. 1 Comparative effect of turbidity removal between MOS extract (a)
and aluminum sulfate (b) in surface water

Bars with the same letter are not significantly different according to the
Tukey´s-b test (p < 0.05).

Reference [20] recorded that defatted MOS achieves a
removal efficiency of 87% on surface water samples with an
initial turbidity of 56 NTU with a dosage of 250 mg/l, also
mentioned that MOS without defatted reached only 81% of
clarification with the same dosages. This variation can be
attributed to the content of lipids on the MOS, because these
modify the solubility, affecting the coagulation-flocculation
ability [22].

Otherwise, the aluminum sulfate reached a removal
efficiency of 99.2% with a dosage of 90 mg/l in samples
from Náinari lagoon, with an initial turbidity of 130 NTU.
These values are similar than those reported by [32], who
mentioned that a combination of aluminum sulfate, ferric
chloride and polychlorinated aluminum, manages to remove
a 98 and 91% of turbidity and color, respectively. In similar
studies [33] indicated a turbidity removal efficiency of

88.4% with a dosage of 9.5 g/l of aluminum sulfate in
lixiviated samples.

These results show that aluminum sulfate is more
efficient as a primary coagulant than the MOS extract,
possibly related to the electrostatic mechanism and the high
density charge. Furthermore it was observed that the flocs
formed with MOS extract were small, fragile and the
settling process was slower compared with aluminum
sulfate. According to [20] the MOS extract has a short-chain
cationic polypeptide; therefore the turbidity removal would
be mainly through electrostatic patch mechanism, which is a
surface phenomenon.

The electrostatic mechanism depends mostly on surface
contact of charges between the cationic polypeptide of the
MOS and turbidity particles. Therefore, this is affected by
the oil residues in the powder forming an emulsion or
coating that avoid the contact with the surface from reaction
reducing flocs formation. Instead, aluminum sulfate is very
efficient because it has a high valence (Al+3) providing it a
superior capacity of charge exchange, generating a
swapping while settles [34].

C. Conjunctive Use of Moringa Oleifera Seed Extract
with Aluminum Sulfate

A dosage of 250 mg/l of MOS extract combined with 30
mg/l of aluminum sulfate reached a clarify efficiency of
96.5% on water samples with an initial turbidity of 72 NTU,
these results are similar to those achieved with aluminum
sulfate as a primary coagulant (99.2%) and reduced its use
in a 66%, showing that MOS extract is effective when is
applied in conjunction with aluminum sulfate (Figure 2).

Fig. 2 MOS extract in conjunctive use with aluminum sulfate in
surface water

Bars with the same letter are not significantly different according to
the Tukey´s-b test (p > 0.05).

The results are consistent to those reported by [8] who
mentioned that it can be possible to make savings up to 80%
of aluminum sulfate when mixed with MOS extract.
Similarly, [24] pointed that a dosage of 30 mg/l of
aluminum sulfate and 40 mg/l of MOS extract achieved the
maximum turbidity removal capacity, saving 40% of the use
of aluminum sulfate in the waters treatment.
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Furthermore it was observed that the increasing of
aluminum sulfate concentration to 40 mg/ml with the same
dosage of MOS extract reduced the clarification efficiency,
achieving only a 92.35% of clarification. Previous studies
have mentioned this behavior, in which it was observed that
low concentration of the coagulants resulted in incomplete
flocculation, while an excess caused stabilization of the
suspend particles and some of which may become over
saturated with the coagulant agent, causing ineffective
flocculation [9, 24].

IV. CONCLUSIONS

The present study demonstrated the effectiveness of the
application of MOS extract as primary coagulant and
conjunctive use with aluminum sulfate in the turbidity
removal of surface waters. In conjunctive form, this extract
saves more than half of coagulant chemical. Research
should therefore continue in this area in order to develop
new technologies for the treatment industrial or natural
waters in developing countries.
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