
Citation: Elsergany, M. The Potential

Use of Moringa peregrina Seeds and

Seed Extract as a Bio-Coagulant for

Water Purification. Water 2023, 15,

2804. https://doi.org/10.3390/

w15152804

Academic Editors: Laura Bulgariu,

Monzur Imteaz and Amimul Ahsan

Received: 24 June 2023

Revised: 30 July 2023

Accepted: 1 August 2023

Published: 3 August 2023

Copyright: © 2023 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

water

Article

The Potential Use of Moringa peregrina Seeds and Seed Extract
as a Bio-Coagulant for Water Purification
Moetaz Elsergany

School of Health and Environmental Studies, Hamdan Bin Mohammed Smart University,
Dubai P.O. Box 71400, United Arab Emirates; m.elsergany@hbmsu.ac.ae

Abstract: Moringa is a genus with many applications; some of these applications can be linked to
their use in traditional medicine and as a source of nutrients, and traditionally, some species have
been used for water purification. Many studies have been conducted to assess the use of different
species of Moringa for water purification. One of the species that is extensively studied is M. Oleifera
because of its wide geographical distribution. There are limited studies on M. peregrina due to its
limited geographical distribution, as it is native to the Arabian Peninsula and some other countries
in the Middle East. The aim of this study is to assess the potential use of M. peregrina for water
coagulation. This study was conducted using synthetic water samples as well as real, untreated
wastewater samples to determine the potential of M. peregrina seeds for water coagulation. The results
revealed that M. peregrina seed extract had better turbidity removal at 60 ◦C compared with the use
of the seed extract at room temperature, and increasing the ionic strength of the extracting solution
could also improve the efficiency of the seed extract in terms of turbidity removal. Furthermore, the
de-oiled seed extract showed efficiency comparable with that of the raw seeds. Application to the
real wastewater samples showed that the de-oiled seed extract showed percentage removal of 38%,
81%, and 74% for SCOD, turbidity, and color, respectively. Furthermore, the de-oiled M. peregrina
seed extract at a dose of 200 mg/L equivalent to raw seeds was capable of removing 97.4%, 66.5%,
51.8%, 50.3%, and 45.8% of Mo, Cu, Cd, Cr, and Co, respectively.

Keywords: Moringa peregrina seed extract; bio-coagulants; water coagulation

1. Introduction

Moringa is a genus with many applications; some of these applications can be linked to
their use in traditional medicine and as a source of nutrients, and traditionally, some species
have been used for water purification [1]. The Moringa genus of the family Moringaceas
has up to 13 species known to date, including M. Oleifera, M. drouhardii, M. hildebrandtii,
M. ovalifolia, M. peregrine, M. pygmaea, M. ruspoliana, M. stenopetala, M. longituba, M. rivae,
M. arborea, M. borziana, and M. concanensis [2]. The most famous species is M. Oleifera,
which is well known for having many health and medicinal benefits in addition to its water
purification ability. Many studies have been conducted on different species of Moringa.
The M. Oleifera species has been extensively studied to identify its coagulation efficiency.
Historically, various seeds have been used for water coagulation, such as apricot seeds,
peach seeds, and mango seeds [3,4].

The coagulation process is an essential step in water and wastewater purification. It
relies on converting suspended particles into larger flocs that can settle or be easily filtrated
from water. This process involves the addition of certain chemicals called coagulants. These
chemicals have the ability to aid in the flocculation of suspended particles in water [5].
Moringa is known to have certain proteins that are positively charged in solutions and can
bind to negatively charged particles to remove turbidity from water. Previous studies have
identified the active ingredient in Moringa as cationic polymers, and the aqueous extract
of Moringa oleifera contains dimeric cationic proteins with a molecular weight of about
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13,000 daltons and iso-electric points between 10 to 11. These groups of water-extractable
polymers give Moringa the potential power to be used as a coagulant [6].

Many researchers have studied the use of seed extracts for water coagulation as a
potential coagulant instead of iron and aluminum salts. Bashir et al. used different doses
of Moringa seed powder, ranging from 50 to 150 mg/L, in water samples collected from
the Nile River, and the results showed a significant reduction in turbidity. The removal
of turbidity was impacted by the settling time and the dosage of the seed powder. The
turbidity dropped from 337 NTU to 13 NTU after treatment with a dose of 150 mg/L of
M. Oleifera seed powder [6]. Farouk and Karwan found that M. Oleifera is more efficient in
removing turbidity from high-turbidity water with a turbidity of 300 NTU; however, its
seed extract was less efficient in low-turbidity water [7]. M. Oleifera seed extract showed
a potential treatment efficiency comparable to conventional aluminum salts, especially at
higher turbidites. It was found that the average turbidity removal efficiency was 83.2% for
M. Oleifera seed extract compared to 92.4% for poly-aluminum chloride [8,9]. Coagulation
by using inorganic metal salts may be easier and more efficient; however, the use of
naturally occurring coagulants has the advantages of offering a good option to explore
environmentally friendly products and avoiding the disposal of chemically produced
sludge [10,11]. Natural coagulants such as Moringa seed extract have minimal impact on
water pH compared to the use of conventional inorganic salts. It has been reported that the
use of aluminum sulfate as a coagulant has many negative consequences, such as lowering
the pH of water from 7.2 to 3.6 due to the lack of natural alkalinity to counterbalance the
impact of the addition of inorganic aluminum salts. However, the use of M. Oleifera seed
extract shows no significant impact on water pH [12].

Moringa peregrina, also known as Forssk, is another species that can grow in deserts.
Its seeds are rich in oil, and the oil extracted is known as ben oil, which can be used as
a lubricant for delicate machinery such as watches. Ben oil has been used for thousands
of years as a perfume base [13]. Moringa peregrina is a tropical plant native to arid and
semi-arid regions. It can grow in various regions such as the Arabian Peninsula, India, Iran,
parts of Africa, and as far north as the Dead Sea [14]. Morinaga peregrina can be grown in
the United Arab Emirates (UAE), and it can be a good economic crop that can be grown for
the purpose of oil production in the UAE. A M. peregrina kernel contains 1.8% of moisture,
54.3% of oil, 22.1% of protein, 3.6% of fiber, 15.3% of carbohydrate, and 2.5% of ash [15].
The oil contents of its seeds may vary from area to area; for example, M. peregrina seeds
from Egypt were found to contain 42% of oil, whereas seeds from Saudi Arabia had a yield
of 45% [16]. Moringa peregrina seeds contain more than 20% of crude protein, and Moringa
protein content is rich in arginine, leucine, glycine, and proline. A comparison of Moringa
peregrina with Moringa oleifera showed that the former is richer in protein contents; this can
give a better opportunity for M. peregrina to be used as a bio-coagulant [17].

The process of oil production can generate a considerable amount of filter cake waste,
which may have additional economic value in the treatment of water and wastewater. Al-
Harthi et al. investigated the use of oil-extracted M. peregrina seed cake as a feed ingredient
in poultry [18]. Their study showed that seed cake contains a valuable level of nutrients,
such as proteins, essential amino acids, and minerals, in addition to fatty acids, which
makes it a potential ingredient for poultry diets. There are limited publications on the use
of Moringa peregrina seed extract for water purification. Shirin et al. evaluated the proteins
extracted from M. peregrina seeds versus the proteins extracted from M. Oleifera seeds and
concluded that M. peregrina seed proteins could provide an effective flocculent for colloidal
particles and act in a similar manner to M. Oleifera seed proteins [19]. The aim of this study
is to evaluate the coagulation efficiency of M. peregrina seeds collected from the UAE. This
study also aims to investigate the possibility of using Moringa peregrina filter cake extracted
from oil production as a biodegradable wastewater coagulant.
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2. Materials and Methods
2.1. Preparation of Moringa Coagulant

Dry Moringa peregrina seeds were collected locally from the Sharjah Desert Park. The
collected dry seeds were deshelled and crushed into powder using a pestle and mortar
(Figure S1). The resulting powder was further used either as it was or extracted via liquid
extraction. In the second part of the experiment, the crushed seeds were de-oiled prior
to their use, where the amount of de-oiled seeds used in each dose was adjusted to be
equivalent to the amount of raw seeds used.

The Moringa peregrina seed extract was prepared by stirring 1 g of Moringa peregrina
seed powder in 100 ◦C mL of water for 1 h. The extraction process was performed at
three different temperatures (20 ◦C, 40 ◦C, and 60 ◦C), and then the seed extract was
filtered. Each mL of this solution was equivalent to 10 mg of dry Moringa seeds. Previous
studies have shown that Moringa seed extract can be enhanced using salts at different
concentrations [20,21]. Based on these earlier findings on M. Oleifera extraction, the Moringa
seed powder was extracted with 100 mL of 0.1, 0.5, and 1 M NaCl solutions to determine
the optimum extraction conditions in terms of temperature and salt concentration. Once
the optimum extraction conditions had been determined, the coagulation experiment was
performed to determine the optimum dose.

Previous studies have shown that Moringa peregrina seeds contain up to 53% of
oil [15,16]. The oil fraction in the seeds was removed via extraction of the crushed seeds
with petroleum ether by adding 5 g of the crushed seeds in petroleum ether and stirring for
about 2 h to remove oil from the crushed seeds. After oil removal, the crushed seeds were
filtered and left overnight to dry at room temperature [22,23]. The dried seeds were then
extracted with 500 mL of the extracting solution (1 g of raw seeds/100 mL of extracting
solution) under the predetermined optimum conditions (temperature of 60 ◦C and with a
salt concentration of 0.5 M NaCl) for 1 h, where each mL of this solution was equivalent
to 10 mg of dry Moringa seeds. The resulting raw crushed seeds (MPRw), aqueous seed
extract (MPEx), and seed extract after oil removal (MPDOEx) were used as coagulants in
the coagulation experiment.

2.2. Coagulation Experiment

The coagulation experiment was conducted using synthetic water samples with dif-
ferent initial turbidities and real wastewater samples. The coagulation experiment was
performed in triplicate for each water sample to confirm the results and check the repro-
ducibility of the findings.

The synthetic water samples were prepared by mixing 20 g of dried Kaolin powder
with 200 mL of distilled water (Figure S2). The resulting suspension was left at room
temperature overnight. After being left over night, the suspension was completely mixed
for 30 min using an electrical blender, and then the mixture was left to settle for 4 h to
remove settleable particles [8,24]. The resulting supernatant was used as a synthetic stock
solution with turbidity for the coagulation experiment. To prepare the synthetic water
samples, a specified volume was taken from the stock solution and added to 10 L of tap
water. After adding the stock solution with turbidity, the synthetic water samples were
mixed thoroughly and used in the coagulation experiment. Table 1 shows the preparation
of solutions with different initial turbidities.

Table 1. Preparation of stock solutions with different initial turbidities.

Added Amount.
(Stock Solution with Turbidity) Volume of Tap Water Resulting Turbidity before

the Experiment

30 mL 10 L ~9.5 NTU
50 mL 10 L ~14.3 NTU
100 mL 10 L ~42 NTU



Water 2023, 15, 2804 4 of 12

The coagulation experiment was carried out using a Jar tester. The Jar tests were
conducted according to the ASTM D 2035 [25] by adding different doses of the bio-coagulant.
The added bio-coagulant was mixed for 1 min with each water sample at a relatively
high speed of 200 rpm, followed by flocculation at a speed of 35 rpm for 30 min. After
flocculation, the samples were allowed to settle for 1 h to simulate a real coagulation
process [25]. The efficiency of the bio-coagulant and the optimum dose were assessed
by measuring turbidity in the supernatant of each sample after the completion of the
coagulation process. In the Results and Discussion section, the doses are presented as
equivalent to the raw seed doses.

The coagulation experiment was performed using wastewater samples collected from
a wastewater treatment plant in the neighborhood to assess the efficiency of M. peregrina de-
oiled seed extract (MPDOEx) for the removal of turbidity, color, and soluble COD. Similarly,
the wastewater samples were treated with different doses of Moringa peregrina de-oiled seed
extract to explore the efficiency of the extract in removing metals from wastewater. The
supernatants of the samples treated with different doses of Moringa peregrina seeds extract
were tested for metals using inductively coupled plasma emission spectroscopy. All sample
preparations were performed according to the standard methods for the examination
of water and wastewater [26]. Turbidity was measured according to method 2130B via
Nephelometry, color was measured according to experiment number 2120F, and soluble
chemical oxygen demand was determined according to the standard method 5220D. Metal
determination was conducted according to the standard method number 3120B for plasma
emission spectroscopy using ICP/AES.

3. Results and Discussion
3.1. Determination of Optimum Extraction Temperature

To determine the optimum extraction temperature for M. peregrina seeds, the crushed
seeds were extracted with deionized water at three different temperatures: 60 ◦C, 40 ◦C,
and room temperature. The coagulation efficiency and turbidity removal rate were higher
when the M. peregrina seeds were extracted at the elevated temperature of 60 ◦C. Figure 1
compares the efficiency of turbidity removal at three different temperatures; the lowest
turbidity removal efficiency was observed when the seed powder was extracted at room
temperature. In most previous studies, the optimum extraction temperature was not
investigated extensively. In a similar study conducted on M. Oleifera, it was found that bio-
coagulant could be extracted at temperatures ranging from 30 to 100, but the results revealed
that protein extractability decreased at a temperature higher than 70 ◦C [27]. The findings
of the current study are in accordance with this previous study conducted on M. Oleifera.
Nouhi et al. found that proteins extracted from both M. Oleifera and M. peregrina could
offer unique adsorption and flocculation properties; however, the efficiency of M. peregrina
is less exploited because its growth is limited by its geographical locations [19].
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3.2. Determination of Salt Concentration in the Extract

Many studies assessed the impact of salt type and concentrations on the extraction
of Moringa as a bio-coagulant. In the current study, Moringa peregrina seed powder was
extracted with NaCl at three different concentrations, and deionized water was used as a
control. As shown in Figure 2, it was found that extraction of M. peregrina seeds with NaCl in
the range from 0.5 to 1 M produces the highest turbidity removal rate; this can be explained
on the basis that the extractability of this bio-coagulant can be enhanced by using NaCl
during the extraction process. It was found that with an initial turbidity of 56 (SD = 4.5)
NTU and at a dose of 40 mg seed equivalent per liter, the average removal efficiency of
turbidity was 81% (SD = 1), 85% (SD = 0.72), 65% (SD = 0.34), and 40% (SD = 0.42) for
extraction with NaCl solution at 1 M, 0.5 M, and 0.1 M, and water, respectively. Similar
findings were reported by Okuda et al. [21], who studied the impact of the ionic strength
of extracting solutions on the extraction efficiency of active bio-coagulants in the case
of M. Oleifera seeds. The results of their study showed that Moringa extracts produced
via extraction with 1 M NaCl showed 7.4 times as high efficiency as the bio-coagulants
produced via extraction using distilled water only. In the current study, the use of salt
extraction showed some improvements, where Moringa extracts produced via extraction
with 1 M, 0.5 M, and 0.1 M NaCl showed 1.6, 2.1, and 1.99 times as high efficiency as
the bio-coagulant produced via extraction using plain distilled water. Adding sodium
chloride or any other salt like potassium chloride to the extraction solution resulted in an
improvement in the turbidity removal efficiency for the same dose of Moringa. This finding
has been explained as the addition of salt will increase the ionic strength of the extraction
solution, which in turn can loosen up the protein associations, leading to more soluble and
coagulation-active species in the solution. One of the possible drawbacks of the use of salt
extraction is the increase in electrical conductivity of the treated water [28]; accordingly,
using lower salt concentrations for extraction, such as 0.1 M or 0.5 M NaCl, may be better
in practical applications over the use of high salt concentrations for extraction.
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with an initial turbidity of 56 NTU.

3.3. Comparison between Different Forms of M. peregrina Coagulant

After the assessment of the optimum condition for extraction, the Moringa peregrina
seed powder was de-oiled using petroleum ether. The de-oiled seed extract (MPDOEx)
was compared with the raw seed extract (MPOEx), and the raw seed powder (MPRw)
was used as a control. The experiment was conducted using water samples with three
different initial turbidities, with an average of 7 NTU (SD = 0.88), 12 NTU (SD = 1.6), and
35.5 NTU (SD = 2.27). The optimum dose of Moringa peregrina raw seeds or equivalent
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seed extract was found to be 100 to 200 mg/L. It was found that the turbidity removal
efficiency was higher for the solutions with higher initial turbidity (water samples with
an average initial turbidity of 35.5 NTU); however, at low initial turbidity of 7 NTU, the
removal efficiency was lower compared to the samples with a higher initial turbidity.
These results were in agreement with an earlier study conducted on Moringa oleifera, which
found that turbidity removal efficiency was 83.2% for samples with an initial turbidity of
50 NTU, compared to the relatively higher removal efficiency of 99.8% for samples with
an initial turbidity of 450 NTU [29]. As shown in Figures 3–5, raw seeds showed better
performance compared to the raw seed extract and the de-oiled seed extract. Despite the
better efficiency of the raw seeds, the use of the de-oiled seed extract as a bio-coagulant
is more feasible because seeds can be used for oil production, and the residues remaining
after oil extraction can be used as an environmentally friendly water treatment solution.
In this study, the authors used raw seed powder as a control only. As shown in Table 2,
the order of efficiency is as follows: raw seeds > de-oiled seed extract ≥ raw seed extract.
Apparently, the process of oil removal slightly decreases the coagulation efficiency of raw
seeds; however, this decrease in coagulation efficiency is very negligible compared to
the benefits gained from the extracted oil as it can be used for many purposes, such as
perfumery and fuel production. Also, the efficiency of the de-oiled seed extract was almost
comparable with the efficiency of the raw seed extract. The use of de-oiled seed extracts
has additional advantages over the use of raw seeds, as reported by Chales et al., who
found that the use of raw seeds could increase the DOC of the solution due to the high
contents of oils in the raw seeds [28]. The mechanism of turbidity removal by Moringa
seed extracts can be described on the basis of the bridge formation model. The cationic
protein of high molecular weight from Moringa extracts binds to the surface of negatively
charged particles, where this can lead to the neutralization of part of the surface containing
turbidity-causing particles. The neutralization of the negative surface charge leads to a
reduction of the electrostatic repletion and agglomeration of particles [30]. Measurements
of the Zeta potential of different proteins extracted from Moringa showed that the different
proteins have a positive zeta potential of +20 ± 5 mV, which can support the suggested
mechanism for turbidity removal [19].
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Table 2. The average percentage removal of Moringa seeds (MPRw), raw seed extract (MPEx), and
de-oiled seed extract (MPDOEx) with different initial turbidities.

Initial Turbidity Type of M. peregrina Extract Used for Coagulation
At the Optimum Dose of 100 mg Seed Equivalent/Liter

MPRw MPDOEx MPEx

7 NTU 74 (SD = 0.824) 67 (SD = 0.89) 65 (SD = 3.7)
12 NTU 73 (SD = 2.067) 74 (SD = 2.595) 74 (SD = 2.233)
35 NTU 93 (SD = 1.44) 91 (0.039) 89 (SD = 0.051)
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In this study, it was found that the efficiency of turbidity removal showed slight
improvement at higher pH values. As shown in Figure 6, different forms of Peregrina were
tested with different initial solution pHs ranging from 5 to 9 and with an initial solution
turbidity of 25 NTU. It was found that the turbidity removal efficiency of the de-oiled
Moringa seed extract with a dose equivalent to 100 mg/L of raw seeds was 88% for an
initial pH of 5 and 93% for an initial pH of 9. In a previous study conducted using Moringa
oleifera to treat wastewater, it was found that the efficiencies of turbidity removal and color
removal were better with higher pH values [31]. The results obtained in this study show
a similar tendency toward improvement in the removal efficiency at higher pH values,
which suggests that the removal efficiency of M. peregrina follows the same mechanism
as that in M. Oleifera. One of the advantages of using bio-coagulants such as M. peregrina
and M. Oleifera is that these types of coagulants can work effectively at a wide range of pH
values and has less effect on overall water pH [32]. In contrast, the use of conventional
aluminum and iron salts for coagulation is affected by the buffering capacity of water
and can affect the overall water pH, especially at higher doses, which may impact other
downstream treatment processes that may need pH adjustment. pH value is one of the most
important control parameters in water purification, especially in coagulation applications.
As mentioned above, the neutralization of charges is the main mechanism of coagulation.
Earlier studies showed that the use of Moringa hardly affects the pH and conductivity of
water, and the efficiency of coagulation is relatively stable over a wide range of pH values.
Therefore, the application of Moringa seed extract in water and wastewater purification
can reduce the cost of chemicals used for pH adjustment needed for water purification
using conventional metal salt coagulation applications [33,34].
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Figure 6. Effect of pH on coagulation efficiency of various forms of M. peregrina coagulants with a
coagulant dose equivalent to 100 mg/L and an initial turbidity of 25 NTU.

3.4. Testing M. peregrina on Real Wastewater Samples

The real wastewater samples were collected from a nearby wastewater treatment plant.
The samples were treated with the de-oiled Moringa seed extract produced via extraction
using 0.5 M NaCl at 60 ◦C. Table 3 shows the characteristics of the real wastewater samples,
and Figure 7 shows the impact of the de-oiled seed extract of M. peregrina on the removal
of SCOD, turbidity, and color. It was found that at an optimum equivalent seed dose of
400 mg/L, the percentage removal of SCOD, turbidity, and color was 38%, 81%, and 74%,
respectively. These findings suggest that M. peregrina can be used to enhance the primary
treatment of wastewater treatment plants.
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Table 3. Real wastewater characteristics used for the coagulation experiment.

Parameter Average Value (SD)

pH Range 7.1–7.6
Turbidity 99.1 NTU (SD= 4.89)
Color 875 Pt-Co (SD = 112)
Total dissolved solids (TDS) 1771 mg/L (SD = 127.58)
Total suspended solids (TSS) 126 mg/L (SD = 23.7)
Soluble chemical oxygen demand (SCOD) 188 mg/L (10.5)
Phosphate phosphorus (PO4-P) 8 mg/L (SD = 0.66)
Chlorides (Cl−) 1440 mg/L (SD = 83.5)
Ammonia nitrogen (NH4-N) 14.5 mg/L (SD = 2.25)
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Figure 7. Effect of M Peregrina de-oiled seed extract’s equivalent dose on SCOD, turbidity, and
color removal.

The de-oiled M. peregrina seed extract showed a tendency to remove some metals in
the tested wastewater samples. The seed extract was added in doses ranging from 40 to
200 mg/L, equivalent to raw seeds. Table 4 shows the initial metal concentration and the
percentage removal efficiency at different doses for cadmium, cobalt, chromium, copper,
manganese, molybdenum, and nickel. Manganese and nickel showed negligible removal
efficiency of less than 15 percent. However, other metals tested showed moderate to high
removal efficiency. It was found that the de-oiled Moringa peregrina seed extract at a dose of
200 mg/L equivalent to raw seeds could remove 97.4, 66.5, 51.8, 50.3, and 45.8 percent of
Mo, Cu, Cd, Cr, and Co, respectively.

Table 4. Percentage removal of Cd, Co, Cr, Cu, Mn, Mo, and Ni at different doses of de-oiled
M. peregrina extract.

Initial Metal Concentration M. peregrina Extract Dose Equivalent to Raw Seeds, in mg/L

(mg/L) 40 80 120 160 200

Cd 2.1 4.1 10.4 29.2 60.7 51.8
Co 3.1 6.7 15.9 39.7 63.8 45.8
Cr 11.0 7.4 20.7 38.8 29.9 50.3
Cu 8.1 33.5 28.8 56.7 45.7 66.5
Mn 10.1 16.6 --- 4.4 27.8 12.0
Mo 71.8 64.0 80.8 87.7 96.0 97.4
Ni 3.8 13.3 11.6 ---- 10.7 10.5
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There are very limited studies on the use of Moringa peregrina for metal removal, with
most of the publications having tested the efficiency of Moringa oleifera seeds or seed extract
to remove heavy metals from water. In one study conducted using Moringa oleifera seeds in
Fiji to investigate metal removal efficiency, it was found that the use of Moringa seeds could
remove 80% of lead, 60% of cadmium, and 50% of zinc and chromium [35]. Similarly, Shan
et al. reported that 1% of Moringa oleifera seed cake may be enough to remove metals such
as iron, copper, and cadmium from water [36]. There are many factors that may impact the
efficiency of metal removal, such as the initial concentration, the pH of the solution used,
the forms of metals in the water being treated, and the presence of competing metals in
water. Some studies used seed powder for metal removal. The form of Moringa used can
govern the mechanism by which metals are removed, and using seed powder can create a
basis for the adsorption mechanism [37]. The use of seed extract can involve the removal
of non-dissolvable metals. The results obtained in the current study using M. peregrina
suggest that its seed extract shows good efficiency in metal removal, which needs to be
investigated further in future research.

4. Conclusions

Moringa is a genus with numerous applications, including in traditional medicine, as a
source of nutrients, and in water purification. The most famous species is M. oleifera, which
is well known for its health and medicinal benefits in addition to its water purification
ability. Moringa is known to have certain proteins that are positively charged in solutions
and can bind to negatively charged particles to remove turbidity from water. Moringa
peregrina is another species that can grow in deserts. The use of Moringa peregrina seed
extract has the potential to offer an environmentally friendly bio-coagulant and avoid the
need for disposal of chemically produced sludges resulting from the use of aluminum
salts used as traditional coagulants. This study focused on the use of M. peregrina seed
extract under different temperatures and salt concentrations, with the use of raw seed
powder as a control. The results show that M. peregrina can be used as a potential coagulant
for turbidity removal either in water purification or as an enhanced primary treatment
coagulant. The results obtained from this study show that M. peregrina can be an effective
bio-coagulant, but further studies need to be conducted to investigate economical methods
to recover beneficial bio-proteins that can be used in different water purification practices.
This study showed that the coagulation efficiency and turbidity removal were higher when
M. peregrina seeds were extracted at an elevated temperature of 60 ◦C. The use of NaCl at a
concentration of 0.5 M could improve the extraction process. With respect to de-oiled seeds,
it was found that de-oiled Moringa seed extract is still an efficient bio-coagulant. These
findings suggest that the use of de-oiled seed extract can maximize the use of residual press
cake after oil extraction from seeds, where such a press cake can be used for the production
of environmentally friendly bio-coagulants. The use of M. peregrina seed extracts in real
wastewater samples resulted in the removal of some metals from the samples, including
Mo, Cu, Cd, Cr, and Co.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/w15152804/s1. Figure S1. Stages of Moringa peregrina preparations;
Figure S2. Stock solution with turbidity used for the coagulation experiment.
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Data Availability Statement: The data are available from the corresponding author upon request
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