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Abstract: In this review, collected information related to Moringa Oleifera seeds was evaluated, such
as their properties and the main active components involved in their processes, as well as their
dual efficiency as both antimicrobials and natural coagulants for treating contaminated effluents.
Furthermore, discussions were completed about perspectives on progress related to this field of
research to understand the bioactive properties of these seed compounds, including their antibac-
terial, antifungal, and antiviral activity. In addition to the coagulant properties that have been
quantitatively assessed, studies have examined the underlying coagulating mechanism, and seed
processing techniques. In addition, the challenges associated with the use of conventional coagulants
(metals or polymers) have led to numerous research efforts towards the development of natural
plant-based coagulants that are eco-friendly to treat wastewater and offer a large variety of other
advantages, such as their wide availability, the reduction of by-product generation, the reduction of
costs, and greater biodegradability. Based on the results of different researchers, and regarding the
appraisals using Moringa Oleifera seeds for wastewater treatment processes, many studies encourage
their use for those operations. Due to their extensive and potent properties as an antibacterial and a
coagulant, Moringa Oleifera seeds are still used today as a promising wastewater treatment method.
Finally, this paper provides suggestions and comments, as well as identifies the knowledge gaps, and
makes recommendations for future research development strategies, such as studying the contents
of Moringa Oleifera seeds, their interactions with colloids present in wastewater, understanding their
stability and behavior, assessing the performance of seed-derived flocculants according to pH values,
isolating and characterizing the active compounds to determine the toxicity and optimum dose to be
used as effective antimicrobials, and removing heavy metals.

Keywords: Moringa Oleifera; wastewater treatment; coagulation-flocculation; bio-coagulant; activities
of Moringa Oleifera seeds

1. Introduction

We live on planet Earth, where more than 70% of its surface is covered with water, and
the oceans occupy 97% of the Earth’s water (by volume). This leaves only 3% of the planet’s
total freshwater. Regarding this fresh water, 65% is trapped in glaciers and in the ice caps of
mountains, and 30.2% is groundwater, which is too costly to extract. As a result, only 1.3%
of surface water of the volume available for human use of the total proportion of water on
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this planet remains [1,2]. Water is important in all domains of life (human, industrial, and
agricultural), which are driven by socio-economic development and increasing population
growth [3].

For this reason, there is a global concern about the possibility of obtaining clean and
safe water [4], especially in arid and semi-arid developing countries where the provision
of potable water is an enormous undertaking [5]. The quality of water and its treatment
becomes a source of increasing concern, particularly where water quality is poor, as well
as where proper treatment is lacking [6]. Furthermore, it has been estimated that the
inefficiency of sanitation, polluted water, or lack of water is causing 80% of all diseases
and sicknesses in the world [7]. These detrimental effects are more prominent especially
in underdeveloped countries [8]. Nearly 90% of all diseases humans have are caused by
microorganisms, which should motivate us to stop their activity [9]. Hence, the result of
disease spread and increasing health problems of people leads to a high rate of early deaths
correlated with the consumption of polluted water, which is considered an important issue
worldwide [10]. In this century, achieving water recycling processes will be one of the
main challenges to ensure a worldwide water supply [11]. This context allows for the
development of scientific knowledge in the use of alternative coagulants. Three million
people globally lack water and sanitation services, which has a negative impact on their
quality of life and undermines their basic human rights. Consequently, the emergence of
many diseases and the threat to health security place a heavy strain on economies [12].
Water is widely used in different sectors and especially in productive sectors such as
urban supply, industry, livestock, and agricultural production, which has led to water
overuse [13].

The protection of the environment from wastewater contaminants is very impor-
tant [14]. Water and wastewater are contaminated with numerous colloidal solid particles
that are difficult to settle, resulting in water turbidity and color change [15], which must
be addressed using coagulants [16]. One of the biggest challenges in water treatment is
removing hydrophobic colloids because they are typically present in high concentrations
compared to other pollutants [17]. In this context, coagulation has been practiced since
the earliest times in human history to reduce turbidity by removing these impurities [18]
through sedimentation in both drinking water and wastewater treatment [19]. Thus low-
ering turbidity improves water quality [20,21]. The coagulants used in water treatment
processes are classified as natural, inorganic, and synthetic organic polymers [16,22]. The
use of natural coagulants has quite a long history [23]. Natural coagulants are plant-based
and used to remove turbidity, and have been used by various civilizations and communities
for at least 4000 years [24]. Recently, there has been increased interest in using natural
coagulants [25], which are gaining interest in developing countries [26], for the treatment
of water and wastewater [27]. This interest emerged due to the many problems created
by using synthetic coagulants [28], such as their highcost and health-related issues [29].
Furthermore, environmental impacts are associated with inorganic/synthetic organic coag-
ulants [30]. For example, aluminum sulfate, aluminum polychloride [31], and aluminum
chloride [32] are among the most frequent inorganic coagulants used in the coagulation
or flocculation processes. However, these have negative impacts on human health and
the environment, as reported by Megersa et al. [21]. Moreover, it has been reported that
alum produces a large volume of sludge [33]. In addition, its use reduces the pH of the
treated water [34-36], it is not biodegradable [37], and it has a link to Alzheimer’s disease,
as reported by Campbell et al. [38], Ribes et al. [39], Rondeau et al. [40], and Wang et al. [41].
Moreover, it possesses strong carcinogenic properties and is expensive [42].

The natural coagulation activity of seeds can be similar to or even better than alum [43].
Moreover, most people in rural communities tend to easily find available water sources,
despite their low quality due to the high cost of treated water, and this exposes them to many
waterborne diseases [29]. In the response to this problem, we have conducted this research
on a natural coagulant that has the best properties, such as being low cost, effective, non-
toxic, and having no significant effect on the pH of the water treated. Natural coagulants
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that are plant-based represent one renewable source in wastewater treatment because
they have many positive properties such as being biodegradable, non-hazardous, widely
available, and environmentally friendly [10].Their cost is low, a lesser quantity of sludge is
produced after using them in water treatment [14], they have a wider effective dosage range
in the flocculation process [10], and they are becoming increasingly more important in
replacing chemical coagulants [24], as seen in most parts of India and some parts of Africa
and China.They have been used in the treatment of water over the past 2000 years, and
have been certified eco-friendly organic polymers of natural coagulants [23,44]. Moreover,
these natural coagulants can be locally grown in developing countries because they are
cost-effective [45]. Additionally, their production increases opportunities for employment
by creating a new cash crop for farmers, especially in rural areas [46]. Basic coagulation
mechanisms have been elucidated for Moringa Oleifera seeds by applying them in treating
turbid water in 1995 [47]. Since then, there has been widespread interest in them [48], and
arguably that the Moringa Oleifera tree is the most studied in the environmental scientific
community as a natural coagulant [37]. Because the seeds of Moringa Oleifera contain a
water-soluble cationic coagulant protein, they are used as a primary coagulant in drinking
water clarification and wastewater treatment through their ability to reduce the turbidity
of treated water [49]. These proteins are considered the most widely investigated plant-
based coagulant [24,50-52], having been researched by several scholars [5].The seeds of
Moringa Oleifera possess good coagulating properties comparable to commercial alum used
in turbidity removal [53]. Their antimicrobial activity has also been studied in previous
studies [6,53-58], as have their antifungal [59-63] and antiviral effects [53-57]. They also
play a role as an antiparasitic, such as in Haemanthus contorts eggs [64,65]. To avoid defects
associated with chemical and physical processes, such as high costs, the generation of toxic
waste, and the use of toxic reagents in removing mineral contaminants of liquid waste, new
methods have emerged [66] for removing heavy metals from wastewater [67], which has
become a global concern for both the environment and human health [68]. The use of the
seeds of Moringa Oleifera plays a role in the removal of pollution resulting from toxic metals
(e.g., arsenic [69-71],copper, lead, cadmium, chromium [72], etc.). The goal of this work
is to undertake an in-depth, clear, and comprehensive review of the scientific evidence of
state-of-the-art uses of Moringa Oleifera seeds (powder or extract) for wastewater treatment.
Thus, this review work will provide valuable information, which will be the data baseline
necessary for researchers who will be focusing on the dual performance of Moringa Oleifera
seeds in antimicrobial and coagulant activities while demonstrating its ability to remove
heavy metals. Finally, this work intends to identify gaps in current knowledge, as well as
determine future research directions.

2. Background

The Moringaceae family consists of 10, 12 [73], or 14 species [74] that belong to only
one genus called Moringa. Among the Moringa species is Moringa Oleifera, which has been
endowed with research and development funding by the National Research Council [5],
and is the best known, most distributed or widespread, and most utilized species [75]
in the production of food products, animal and aquaculture feed, medicinal products,
renewable polymer products, and water purification processes [47,74]. Furthermore, most
have been researched by Moulin et al. [76]. Moringa Oleifera is a versatile plant that is
widely distributed in tropical and sub-tropical areas of the world [77-80]. The plant has
advantages such as being able to live in poor soils and obtain up to three harvests each
year [81]. It has the ability to withstand drought and grow under severe climatic conditions,
and it thrives in soil with acidity ranges from 5.0 to 9.0, in addition to its ability to tolerate a
different range of rainfall between 250 mm and over 3000 mm as a minimum and maximum,
respectively [82]. It is a perfect example of a kind of “multipurpose tree” [29].

It has wide use in animal feed and vegetables in many countries such as Pakistan, the
Philippines, India, and some African countries. Given its importance, it was ranked by the
Chinese Green Food Development Center in 2012 as the “national first green food” [83]. During



Sustainability 2023, 15, 4280

4 of 37

British rule in Sudan, it was considered an ornamental tree, which was planted in public parks,
foreign gardens, and the alleys along the Nile [84]. The Moringa Oleifera has been well known
for a long time for its ability to remove several contaminants from water effluents [85]. In the
past century, it seems likely that Sudanese women have discovered the properties (as a clarifier
tree) of Moringa Oleifera tree seeds [45]. They are utilized for water purification because they
have strong coagulation properties useful in the sedimentation of suspended mud, and they can
address turbidity, too [62,86]. Moreover, Moringa Oleifera is a non-toxic bio-coagulant according
to earlier studies [29,37,86], and it is biodegradable [87]. Previously, Moringa Oleifera seeds have
been used in the purification of water for several centuries, and have been ranked as one the
best plant extracts in this purification process [10,88]. Furthermore, their seeds are considered
a good source of high quality oil [89].

Research studying the toxicity of methanol extract of the seeds of Moringa Oleifera
found that the relatively high median lethal dosage value was equal to (3870 mg kg~ 1),
and this suggests that the seeds are safe to use in water purification of humans and live-
stock [90]. Studies have reported antimicrobial, anti-inflammatory, antioxidant, antipyretic,
antibacterial, and antifungal properties of the seeds [91].

3. Properties of Moringa Oleifera Seeds

Moringa Oleifera is a kind of tree widely used in medicinal applications and diverse
pharmacological activities [63]. Moringa Oleifera seeds are characterized by a high rate of
potassium, reaching up to 38.29% of the mineral content of the seeds, according to results
obtained by X-ray fluorescence analysis [92]. These high levels of potassium are beneficial
for addressing the decreased-potassium levels in patients with COVID-19, which is caused
by the SARS-CoV-2 virus [93]. Furthermore, the seeds are used as antimicrobials [29,62,94].
Additionally, one report has shown that the difference in antimicrobial properties can be
attributed to several parameters such as the age of the plant used, the freshness of the
plant material, physical factors (water, temperature, and light), incorrect preparation of
the plant, and contamination by field microbes, etc. [95,96]. Research has also shown
that Moringa Oleifera seeds act as a natural coagulant, flocculant, and absorbent for the
treatment of drinking water without any toxic effect on human health [54], they serve as
vegetables and functional food [13], and they are also considered an important source of
health-promoting phytochemicals and micronutrients [97,98]. Tannins and saponins were
detected in ethanol extracts of Moringa Oleifera seeds according to a report by Nepolean
et al. [99]. Tannins and alkaloids were found to be highly present using methanol as a
solvent [100]. Phytochemical screening on the methanol extract of seeds of Moringa Oleifera
is shown in Table 1. Furthermore, Moringa Oleifera seed ethanol (MSE) extract has shown
to contain saponins, alkaloids, and flavonoids, as reported by Bukar and Oyeyi [101]. They
found that the highest amount of total flavonoid reached 273.7% in ethanol extract (80%),
while phenolics reached 395.4% in acetone extract (40%), which was fermented using
Aspergillus Niger for 168h with initial humidity equal to 50% and 70%, respectively [102].

Table 1. The phytochemical screening on the methanol extract of seeds of Moringa Oleifera.

Results

[90] [103]

Constituents

Carbohydrates
Saponins
Tannins
Terpenes
Resins
Alkaloids
Flavonoids
Cardiac glycosides
Anthraquinones
Steroidal rings

Glycosides NA +
(— = absent; £ = present in trace amount; + = present; ++ = present in appreciable quantity, NA = Non-available).

++

§|+++JZ>++|++

Wl b
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The content of oil from de-hulled seed (kernel) is approximately 42% of its total content,
and this oil contains approximately 13% and 82% saturated and unsaturated fatty acids,
respectively [104]. One study found that an increase in the temperature of the drying
air led to greater volumetric contraction of grains of Moringa Oleifera and affected the
final oil extraction yield [81]. The amount of total unsaturated fatty acids was more than
80% [73], while other studies found that it reached more than 76% (Lalas and Tsaknis) [105],
44% (Gu, Yang, and Wang) [106], and 78.69% (Delange et al.) [107]. Recent research
found that the composition of fatty acids (%fatty acids) totaled 70.7%, 4.5%, and 18.0%
monounsaturated fatty acids, polyunsaturated fatty acids and SFA, and saturated fatty
acids, respectively [108]. The oil was found in some Egyptian reports analyzing Moringa
Oleifera seeds to contain saturated acids (palmitic, stearic, and arachidic) (up to 12%),a
large amount of fatty acids, and unsaturated acids, particularly an omega-9-Oleic (up to
76%) [109], while other studies found amounts totaling 71.60% [105], 74.50% [110], greater
than 70% [106], and 70% [111].

Table 2 shows the typical content of oil in Moringa Oleifera seeds (fatty acid in Moringa
Oleifera seeds). The oil extracted from the Moringa Oleifera seeds showed non-toxic ef-
fects [13,112], and high stability to oxidation rancidity [105]. An analysis of Moringa Oleifera
seed oil of two cultivars in Argentina reported that the oil produced from both cultivars
tested had practically identical fatty acid composition. Regarding monounsaturated fatty
acids, omega 9 was discovered in both cultivars (18:1) (more than 70% of the total) [113]. A
report showed in 2019 that the percentage of Oleic (18:1n-9) of three different sites (Ospina,
La Rinco, and Carnero Beach of Santa Elena Province in Ecuador) reached 72.38, 75.46 and
75.52%, respectively [114]. This high level of Oleic acid content gives high stability to the
oil of Moringa Oleifera seeds [115].

It has been suggested that regional conditions or harvesting practices of Moringa
Oleifera seeds lead to differences in lipid content between 30% and 42% [116]. Further factors
contributing to these differences include differences in the species, genetics of the plant, its
cultivation, soil, region, state of ripening of the fruits, and the method of extraction and
analysis [107].A report from 2009 showed that Moringa Oleifera seed extracts contained 39.3%
and 37.6% of crude oil and crude proteins, respectively [117], while another study reported
a total content level of 41% of oil extracted from Moringa Oleifera seeds [110]. A recent study
found that seasonality has no significant effect on the yield of crude or refined oil [118]. The
first report on the oil of Moringa Oleifera seeds showing the presence of pentadecanoic acid
(C15: 0), carboxylic acid (C27: 0), and montanic acid (C28: 0) reaching 0.03% of the total
content of the seed for each one of the three acids is cited here: [107]. It has been reported
that Moringa Oleifera seed coagulation activity is not significantly affected by the presence of
fatty acids [119]. So, there is no need to extract the oil from the seeds of Moringa Oleifera if
they are used as coagulants [52,120]. Further, it was revealed through analyses of extracts
of Moringa Oleifera seed oils that the retention of the oil could give added value because
of the role played by the presence of some fatty acids (e.g., palmitoleic, oleic, linoleic,
linolenic, cis-11-eicosenoic, and cis-11,14-eicosadienoic) at concentrations of 0.01% w/v that
significantly inhibit the formation of S. aureus biofilm, as well as due to the potential benefit
of unsaturated fatty acids for controlling the formation of biofilm and the virulence of S.
aureus [121]. On the contrary, some studies have suggested that it is necessary to extract the
oil from the seeds because the presence of oil would affect the activity of coagulation and
heavy metal removal [43].

Table 2. The percent composition of fatty acid in the oil of Moringa Oleifera seeds.

Reported Values %

Fatty Acids [114]
[122] [104] * [73] [115]  [105] [123] [124] [107] [117] [108] f [125] [126] [127]
a c
Caprylic Acid (Cgy) 0.03 - 0.03 0.03  0.02
Lauric acid (Ci20) 0.1 Trace - - - - - 0.06 - 0.2
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Table 2. Cont.

Reported Values %

Fatty Acids [114]
[122] [104] * [73] [115] [105] [123] [124] [107] [117] [108] —a b c [125] [126] [127]
Myristic acid (Cy4,0) 0.1 0.08 0.11 0.72 0.13 0.11 0.1 0.08 - 0.3 042 017 015 0.11 - -
Pentadecanoic (Cis,) - Trace - - - - - 0.03 - - - - - - - -
Palmitic acid (Ci60) 7.8 Trace 6.04 6.1 6.46 617 551 743 624 115 573 543 575 580 618 6.24
Palmitoleic acid (Ci61) 22 5.54 1.46 1.2 1.36 1.10 110 1.50 1.6 4.3 1.39 141 1.72 120 131 1.60
Heptadecanoicacid (Ci7,) - - 0.09 - 0.08 0.09 0.04 0.15 - - - - - 0.086 - -
Stearic acid (Cis.) 7.6 5.42 4.14 4.6 5.88 477 586 401 471 2.3 540 412 395 580 401 471
Oleic acid (Cig.1) 67.9 729 73.6 78.7 71.21 744 6779 7310 7493 69.7 7238 7546 7552 7230 7487 7493
Linoleic acid (Cig:2) 1.1 0.76 0.73 0.65 121 071 095 072 22 069 061 069 068 068 072
Linolenic acid (Cig3) 0.2 0.14 0.22 1.8 0.18 024 021 0.19 1 018 017 016 017 - -
Arachidic acid (Cap) 4.0 3.39 2.76 2.3 3.62 351 378 248 3.09 1.2 314 274 268 370 269 3.09
Gadoleic acid (Cap.1) 1.5 2.2 240 2.22 1.61 2.6 239 232 1.1 340 240 231 190 - 2.32
Heneicosanoicacid (Cp1.) - - - - - - - - - - - - - 0.067 - -
Behenic acid (Cx2y) 6.2 6.88 6.73 4.5 6.41 616 681 584 533 15 556 568 590 650 543 533
Erucic acid (Ca:1) - 0.14 0.14 - 0.12 014 011 013 - - - - 0.73 - -
Docosadienoicacid (Czp:2) - - - - - - - - - - - 0.065 - -
Lignoceric acid (Ca4.0) 13 0.92 - - - - 087 105 05 114 106 083 092 - 1.05
Nurvonic (Ca4.1) - Trace 1.08 - - - - - - - - - - - -

Cerotic (Cag:0)

- - - 1.18 1.08 098 0.06 - - - - - - -

(*): Analysis: Thionville Laboratories, Inc. New Orleans, LA, USA (March 1994) Values in parentheses (Becker
and Siddhuraju, unpublished). (-) Non-available. (a,b,c): refers to the fatty acids of Moringa seeds oils in three
different sites (Ospina, La Rinco, and Carnero Beach of Santa Elena Province in Ecuador, respectively.

4. The Activities of Moringa Oleifera Seeds
4.1. Antimicrobial Activity
4.1.1. Antibacterial Activities of Moringa Oleifera Seeds

The discovery of novel antimicrobial agents plays a very important role in the control of
pathogenic microbes, particularly in the treatment of infections that are caused by resistant
microbes. This antibacterial activity of Moringa Oleifera has been extensively studied
and described in multiple studies with some of these presented in Table 3. For example,
it has been reported that Moringa Oleifera seed flour extracts have shown antibacterial
activity [128,129], though it was tested using smaller concentrations on four different
bacteria (i.e., Escherichia coli (clinical isolate), E. coli (ATCC2592), Shigella dysenteriae
(clinical isolate), and Salmonella typhi (clinical isolate)) [7]. It also retarded the growth
of some bacteria such as Candida spp., Hortaeawerneckii, and some other food-borne
microorganisms [101,130]. WEMOS plays an important role in the aggregation of coccoid
bacteria and the growth of nuclei of microbials too, which are considered precursors of
anaerobic granulation [131]. Furthermore, the seeds showed antimicrobial activity with a
recombinant protein that has the ability to flocculate both the gram-positive and negative
bacterial cells [132]. Additionally, the seeds” aqueous extracts showed strong and admirable
qualities against all bacterial strains that were tested, and especially with gram-positive
bacteria (Bacillus subtilis and S. aureus) as compared to other solvents such as methanol or
petroleum ether [133]. Previous studies have shown a suite of bioactive compounds in the
chemical composition of Moringa Oleifera. Moreover, it has shown an effect against E. coli,
S. aureus, P. aeruginosa [56].
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Table 3. Summary of the inhibitory activity of Moringa Oleifera seeds against different groups of

microbials.
Solvent/Chemicals Name of I\‘fv(:fhe Igin‘l:;s:ln
Locality of Use Compounds/ Used against . . Concentration L Reference
Biological Agent Efficiencies (%) or
Form of Coagulant s .
(Inhibition Zone Size)
. . ) . T. coliforms Inhibitory activity(91%T. )
Sunyani, Ghana Direct powder Antibacterial E. coli 2.0g/L coliforms,99.99% E. coli) [134]
Bacillus sp.(+) <104 * ug mL~!
The watersolubleMoringa B. pumillus(+) 10.4 * g mL~! o ,
Recife, Brazil oleifera seeds Antibacterial B. megaterium (+) 20.8 * ug mL~1 Inhlcl;lll‘llnfrf:etiggf}tctmg [135]
lectin (WSMoL) Ps. Fluorescens (-) 20.8* ugmL~! P Y
Ser. Marcescens (-) 52 *ugmL™1
. The cold water Lo 1 Inhibitory activity :
Thailand extracted MO seeds Antimicrobial S. aureus 0.08 *mg mL 20.67 mm at 100 mg/mL [136]
Inhibitory activity
Swine breeding
. . . Total coliforms(TC) 96.5% (TC)
Espirito Sunt, E’xt’mct with Antimicrobial fecal or thermotolerants 0.8 g/L, 0.04 g/L 94.8% (FC) [137]
Brazil distilled water . )
coliforms (FC) Domestic
95.6% (TC)
94.3% (FC)
Methanol andChloroform . .
. Inhibitory activity
(Ado-Ekiti) 4(B-D-Glucopyranosyl- N S.dysenteriae ., 99.2 % S. dysenteriae
Niceri 1—4-a-L Antimicrobial B. cereus, E. coli, 5ugmL o [56]
igeria . and 100% (B. cereus,
rhamnopyranosyloxy)- S. typhi E. coli, S. typhi)
benzyl thiocarboxamide - €O, o typ
Water, Ammonium Gram-positive S. aureus
University of sulfate, NaCl solution. (WDCM 00034) (7.8, 62.5,625) *,
Pernambuco -WSMoL Antibacterial and (250, 5000, Inhibitory activity [571
(Recife, Brazil) -Seed extract Gram-negative E. coli 500) * ug mL~!
-NHC (WDCM 00013)
E.coil, Salmonella spp., P.
(Abia State) . . aeruginosa, (125, 250, 250, 125, Inhibitory activity )
Nigeria Ethanol Antibacterial Proteusmirabili, 62.25,62.25) *mg 85-93% (coliform bacteria) (54]
S. faecalis, S. aureus
Bacteria Inhibited activity
; ~1
MSE (MoringaQleifera S. aureus, E. coli Bacteria (mg mL" ) (MSE, M.SC)
; ; S (50, -), (50, 100), (200, bacteria
Xa L seeds ethanol) Antibacterial S. typhimurium.
no, Nigeria . . . . 100). (10 mm, -), (07, 09) mm, [101]
MSC (Moringaoleifera and antifungal Fungi . 1
Fungi (mg mL™1) (10, 09) mm.
seeds chloroform) Mucorspp .
Rhizopuss 1,11 Jungi
pusspp (100%, 75%),(100%, 50%)
Zater and asorbic acid e L L
Lo B. subtilis, Inhibitory activity
Germany 4ock Ruamnosyloxy) - Antimiciobial = yry copacteriumphlei, (9.5, 7.8,25) pg - mL~! (10-15), (10-15), [62]
enzyl and Antifungal :
s Serratiamarcescens (1-2) mm
isothiocyanate
E. coli (12.5,12.5,6.25) *,
(ATCC 2592, (6.25,6.25,12.5) *
Gondar, Ethiopia Methanol,Acetone,Water Antibacterial (clinicalisolate), (12.5,6.25, 25) *, Inhibitory activity [71
S. typhii(clinicalisolate), (6.25,12.5,12.5) *.
S. dysenteriae(clinicalisolate) (mgmL™1)
(MOP) 520 mg/L. Inhibitory activity
(MOP) E.coli AZ-A/(IAC/)II(JD Ztljfgfl 0.54 (MOP)
Benin Antibacterial V.cholerae . . -, (74.28, 76.36, 90)% [138]
(MOP-PACI) ; and aluminum dosage in
P. aeruginosa MOP-PACI coagulant of (MOP-PACI)
gil (79.11, 98.66, 100)%
4.32 mg mL
Morphological changes,
, . n-Hexane . . 1 induce oxidative stress,
Ceara’, Brazil (Mo-CBP3) Antifungal F. solani 0.05 mg mL then death of the cell. [139]
62%
1. Prawn
C. famata
C. guilliermondii
C'Cp frrg’”f;;‘l’fsls (1.25,1.25,2.5,2.5) %,
Ceard, Brazil Ethanol Antifungal 2 V\F;ater (2.5,1.25,2.5,0.625) * Inhibitory activity [130]
: -1
C. ciferrii (mg mL=")
C. famata

C. guilliermondii
H. werneckii
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Table 3. Cont.

Solvent/Chemicals Name of Biological hgv?flflgir:;sgln
Locality of Use Compounds/ Used against A & Concentration Efficiencies (%) Reference
Form of Coagulant gent pelencies to) or
(Inhibition Zone Size)
- Bacteria strains
P, multocida, 20.2* Inhibitory activity
Potassium phosphate buffer Antimicrobi E.coli, 20.4* Ty Y
ntimicrobial . " Bacteria
Pakistan (pH: 7), Phenyl methyl and B.subtilis 16.7 (20,20, 25.25, 26) mm [140]
sulfonyl fluoride . S. aureus. 18.2 *mg mL~! P
10 mM (PMSF) antifungal - Fungal strains Fungi
; (32.5,23) mm
F. solani 22.4* ’
Aspergillusniger 28 %
S. typhi,
Nigeria Direct powder Antibacterial BECZ)CZL;S/ 1.00 g/L I(r;l;zb;tzorgéac;gjiz/ [141]
S. dysenteriae,
(Ethanol)
-4(o -L-rhamnosyloxy)
-benzyl isothiocyanate, (ICs0) ng mL~1
-Niazimicin, 32.7
Japan -3-0-(6-O-oleoyl- Antiviral EBV 35.3 Inhibitoryactivity [142]
B -D-glucopyranosyl)-p- 70.4
sitosterol, 27.9
-B-sitosterol-3-O-p-D-
glucopyranoside
Plateau State, Water Antiviral NDV 100mg mL~! Inhibitory [103]
igeria activity

* The minimum inhibitory concentration (MIC).

The antibacterial activity of steam distillate of Moringa Oleifera Lam was observed to
play the main role in a considerable reduction in the growth of test bacteria. It mainly inhib-
ited E. coli, and to a lesser degree inhibited S. aureus, K. pneumoniae, P. aeruginosa and B. sub-
tilis [60]. Furthermore, one study proved that S. aureus, S. marcescens, and B. subtilis are sensi-
tive to Moringa Oleifera seed extraction(MOSE) with ethanol 80% (humidity initial = 50%)
fermented for 168 h [102].

One study mentioned that one of the peptides of Moringa Oleifera seeds plays a role in
mediating both the sedimentation of suspended particles such as bacterial cells and antibac-
terial activities as well [143]. Reductions in the concentration of specific human pathogens
may be attributable to the coagulative ability of the bioactive components related to a
peptide contained in the seeds of Moringa Oleifera, which had potent antibacterial proper-
ties [75]. The seeds may have an effect directly upon microorganisms through antimicrobial
peptides that are thought to have a role in in habiting essential enzymes or acting to disrupt
the membranes of cells, thus resulting in growth inhibition [55]. Damage to bacterial cell
membranes is a result of membrane fusion [129]. One previous study pointed out that
in low or moderate temperatures, some protein antibacterial compounds might result in
membrane permeabilization via the binding of cationic proteins to the negatively charged
membrane surface followed by subsequent pore-formation [140]. Furthermore, Moringa
Oleifera seed extract the replication of bacteriophages [144], and decreases the number of
helminth eggs in irrigation water [65]. It has been shown in some previous studies that
Moringa Oleifera extract can reduce the number of fecal coliforms by up to 99.9% [94,132,145]
and the number of schistosome cercariae up to 90% [146]. The bioactive compounds that
have been found in the seed extract of Moringa Oleifera have anthelmintic abilities against
the eggs and infective-stage larvae of Haemanthus contortus [64]. For example, tannins
detected from Moringa Oleifera seeds play an important role in inhibiting the formation of lar-
vae and reducing the motility of infective-stage larvae (L3s) inside Haemanthus contortus
eggs, which may indicate that they generate paralysis and interfere with the neuromuscular
coordination of the larvae [147,148]. In one recent study, the results of phyto-chemical
screening showed that its seeds contain a high percentage of phyto-molecules (in particular,
terpenoids and tannins), which have antibacterial and antifungal characteristics [149]. One
study suggested that the effectiveness of the seeds as antibacterial measures could be due to
the presence of many bioactive chemical complexes, for example:D-allose, ethyl ester, and
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hexadecenoic, palmitic, and oleic acids) [150]. Given previous research, another knowledge
gap that may require further studies is that concerning the role of bioactive components of
Moringa Oleifera seeds in the growth inhibition of microorganisms.

4.1.2. Antifungal Activity of Moringa Oleifera Seeds

Multiple studies have described the antifungal activity of Moringa Oleifera seeds, and
some of these are presented in Table 3. In this section, Mo-CBP3, a chitin-binding protein
(14.3 kDa), was isolated from Moringa Oleifera seeds that showed evidence of inhibiting g
ermination and mycelial growth (e.g., Fusariumsolani, F. oxysporum, Colletotrichummusae,
and C. gloesporioides) [139]. Contrarily, Mo-CBP3 did not affect Pythium oligandrum [151].
Previously, it was thought that Mo-CBP3 was a genuine member of Moringa Oleifera seeds
in the 2S albumin family, thanks to a comparative analysis of the deduced amino acid
sequences, for this reinforces the hypothesis that these seed storage proteins are involved
in plant defense [152]. Now, Mo-CBP3 is considered a new drug against fungi, which can
be used in the development of transgenic crops for traits, (e.g., thermo-stability, broad
antifungal spectrum, and low toxicity as well) [153]. It has been reported that water extracts
of Moringa Oleifera seed could be effective in growth inhibition of A. niger, F. oxysporum,
and Colletotrichum app. [154]. In Egypt, a preliminary study was carried out on the
use of Moringa Oleifera extracts as natural fungicides against plant pathogens because
much of the evidence confirms that extracts of Moringa Oleifera plants are cheap, naturally
available, environmentally friendly, less harmful to seed viability and quality, and are
a safe and alternative means for chemical control methods, which often have a harmful
effect on the ecosystem and are expensive [61,154]. One study showed that the cytoplasmic
membrane of fungal cells treated with a crude extract of 70% ethanol of Moringa Oleifera
seeds ruptured and seriously damaged intracellular components, which caused a decrease
in the percentage of water in the cell and thus produced cell swell, leading to the death of
the cell [155]. Antifungal activity was observed in the steam distillate of Moringa Oleifera
Lam, among fungi tested, with more inhibition observed in the case of A. niger, and less
observed in A. oryzae, A. terreus, and A. nidulans [60]. In order to increase the exploitation
of naturally available chemicals from seeds of Moringa Oleifera, further studies that focus
on bioprospecting for fungicides are needed to isolate and characterize the antifungal agent,
which makes this plant a good candidate for use as an antifungal agent.

4.1.3. Antiviral Activity of Moringa Oleifera Seeds

Human inability and deficiency clearly and unfortunately appeared in the weak
scientific knowledge or technological control of the Coronavirus disease epidemic (COVID-
19), despite tremendous developments in microbiology [156]. Nevertheless, great efforts
have been made to develop alternative antiviral therapeutic agents in order to discover
potential drugs in natural compounds of plant origin that are bioactive. One global health
problem is that of viral infections, and so far, few antiviral agents are available, along
with problems of emerging resistance [157]. In this domain, the Moringa Oleifera (MO)
plant is one of the important medicinal plants that have proven antiviral activities against
various viruses, as shown in several studies [158-168]. The remarkable inhibitory activity
of Moringa Oleifera seeds against some virus types is shown in Table 3. Moringa Oleifera
seeds possess some biochemical compounds that are considered as an indicative number
according to a GC-MS analysis. These compounds include oleic acid (84%), L-(+)-ascorbic
acid-2, 6-dihexadecanoate (9.80%), 9-octadecenoic acid (1.88%), methyl ester-hexadecanoic
acid (1.31%), and 9-octadecenamide (0.78%). These chemical constituents that are relatively
diverse may be responsible for properties of Moringa Oleifera seeds in the medical field [169].
Furthermore, the isolates tested revealed the compounds’ inhibitory effects on the induction
of EBV-EA (Epstein—Barr virus EA) activation without significant cytotoxicity on Raji cells.
These tested compounds include: 4-(x-L-thamnosyloxy) benzyl isothiocyanate, Niazimicin,
(3-sitosterol-3-O-f3-D-glucopyranoside [142], and Niaziminin [170]. In addition, Moringa
Oleifera seed aqueous extract showed strong antiviral activity against Newcastle disease
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Virus in ovo assays [103]. In a recent study, it has been suggested to use the phytochemical
extracts of Moringa Oleifera as flavonoids and anthraquinone as new effective compounds
because these contain antiviral properties against COVID-19, which work to improve the
immune system through the production of antibodies against SARS-CoV-2. For this reason,
it is suggested that these compounds be considered and clinically tested against COVID-
19 [171]. The effect of aqueous methanolic extract on herpes simplex virus type 1(HSV1)
and polio virus type 1 (PV1) was observed by Ali, El Taweel, and Ali (2004) [172]. Further,
the seeds were effective against several cancer lines [173]. By reviewing the various studies
discussed in this part, Moringa Oleifera seeds’ high and unique immunological capabilities
may leads to opening another knowledge gap in examining the antiviral efficacy against
COVID-19 illness.

4.2. Moringa Oleifera Seeds” Coagulant-Flocculant Activity
4.2.1. The Techniques for Processing Moringa Oleifera Seeds

Nowadays, three main steps are involved in the preparation of Moringa Oleifera seed
coagulant. These steps are classified as follows: the first step is concentrated on flour
preparation, (the second step specializes in protein extract, and the third step plays an
important role in purification [30]. Therefore, the properties of the coagulant and its
performance in removing pollutants from wastewater are directly correlated with these
steps and their sequence (Figure 1). The primary processing stage is carried out according to
a series of steps that begin by allowing the maturation of the pods of seeds on the tree before
harvesting, then drying and peeling are performed manually to access the kernel. The flour
of Moringa Oleifera with a specific particle size was obtained using different equipment such
as a pestle, grinder, mixer, and blender. It was reported that researchers preferred using
pestles and grinders because these were more effective at obtaining a small particle size of
Moringa Oleifera seed flour, removing part of the lipids present in the seeds, and reducing
turbidity and apparent color [174]. The particle size of seeds of Moringa Oleifera plays a
main role in achieving a better coagulation process [175]. Furthermore, researchers pointed
out the effects of the seed sizes and cylinder speed on the capacity of the machine used
and its energy consumption (SEC) [176]. Next comes the role of a sieve with a decreased
distribution of particle size according to the range most recommended in applications of
water treatment, which is between 0.25 mm and 1.25 mm [13]. Figure 1 shows the sequence
of preliminary process steps beginning with a harvest of mature and dry pods and finishing
with sieving the powder of Moringa Oleifera seeds according to the required range. In
the past 2030 years, increasing scientific interest has emerged especially in the field of
extraction and purification improvements for the active component through its isolation
from Moringa Oleifera seed [177]. The results reveal that the operating range of pH of natural
flocculant derived from seeds of Moringa Oleifera increased from below 4.8 to below 9.8
after oil extraction with a decreased number of fatty acids and aromatic and phenolic
compounds, but the content of the proteins were retained, including those with coagulant
properties [178].The extract of MOS-WD contains main component of the active coagulation
agent according to results from several studies [84,146,179-181]. Alternatively, the extract
obtained by salt solutions or carried out via different organic solvents are propounded as a
secondary processing stage [30,182]. It is suggested that the use of salt solutions is preferred
for extraction of the active coagulation component from Moringa Oleifera seeds [116], because
this medium plays a role in the potentiating of proteins that are responsible for the active
coagulant of Moringa Oleifera seeds [183]. Moreover, the high value of chemical oxygen
demand (COD) associated with using the extract of Moringa Oleifera seeds with distilled
water discourages their use in treating drinking water [184,185]. Nonetheless, due to
the fact that the prepared powder contains plant tissue and coagulating active agents,
and these tissues are rich in organic constituents, they will increase the organic loads in
the treated water, which may lead to a decrease in the efficiency of treatment instead of
improving it [182]. Although MOC-DW, the highly effective coagulant of MOS-WD, has
been proven effective, it 1 performs poorly in low-turbidity water [36]. In this context, one
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study suggested that the performance of MOC-SC-pc will be suitable for low-turbidity [186],
and it has been reported that there was an increase in the content of dissolved organic
carbon (DOC) in water after being treated, considering a change in source color, odor, and
taste [186,187]. Moreover, it was observed that using WEMOS in filter units did not increase
the efficiency of TSS removal [188]. It was suggested that one must adequately purify the
Moringa Oleifera seeds from the active proteins for use as a coagulant in treating drinking
water and wastewater in order to decrease organic matter that is considered a precursor to
chlorination by-products during disinfection with chlorine [13], which means that organic
matter resulting from MOE might be a precursor for a disinfection by-product. For this
purpose, we suggest using an appropriate amount of MOE in order to reduce the amount
of residual organic compound, attain higher protein content, and realize more positive
charge. To achieve all this, a short extraction time for the extraction of Moringa Oleifera
seeds is strongly recommended [189]. In addition, the active component of MOC-DW was
different from that of MOC-SC and was not a protein such as in MOC-DW [190,191]. The
coagulant properties of seeds extracted with salt solution (MOC-5C) were better than those
extracted with water extraction (MOC-DW) [36], and we ascribe the efficiency of MOC-SC
to an increase in ionic strength that increases active ingredient solubility [30]. Table 4 shows
the characterization of the extract of Moringa Oleifera seeds with NaCl or Water.

* Primary processing :t

Matured pods

of seeds

Powder

*[ Tertiary processing J

l

[ Punification ]

!

Dialysis
Lyophilization
Ion-schange

Centrifugation

[

Precipatation
Salt solution: - Delipidation
Solvent extraction such as (Hexane,

42 ECLMaCl, and MgCl,, clc, Ethanol, Acetone, Methanol, etc.)

Figure 1. Diagram of the main processing steps in the preparation of Moringa Oleifera seeds.
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Table 4. Characterization of the extract of Moringa Oleifera seeds with NaCl or water.
Parameter Extract with Value Unit Reference
-Ammonium
-Nitrite 0.06 Ng/L
-Oxidability 3.96 Nmg/L
KMnOy4 NaCl 1.08 0O, g/L [192]
-Phosphate 0.05 Pg/L
-Total 0.07 Pg/L
phosphorus
-Protein Phosphate buffer 66 kDa [193]
distilled water
-Protein or >6.5 kDa [182]
0.5 M NaCl
-Protein Distilled water 13 KDa [47]
-Molecular NaCl 6.5-14
weight
-Molecular— py iited water 12-14 kDa [186]
weight
NaCl 3 kDa
Protein 0.01 M Nad(l, 1290
content 0.1 M NaCl, 4388 mg/L [194]
1 M NaCl 4499
-Protein Distilled water 1832 mg/L [194]
content

One study suggests that it is necessary to the extract seeds in saline solution, and sea-
water can be a replacement for saline solutions to attain similar effects in turbidity removal
in raw water, particularly when the concentration of turbidity is greater than 150 NTU [183].
One research study showed that the efficiency of coagulation of Moringa Oleifera had no
variation across different salt extracts, such as KCl, NaCl, and MgCl,, but was higher than
that of the water extract [30]. However, another study by Mageshkumar and Karthikeyan
(2015) found that the efficiency of removal of turbidity using MOC-SC extracts in KCI
solution was lower compared to NaCl-based MOC-5C extracts [195]. On the other hand,
a recent study on textile wastewater treatment found that the best results were obtained
with MOSE in 1 M KCl, reaching 82.2% and 83.05% for color and COD, respectively [196].
Furthermore, coagulation with 1 M CaCl, Moringa Oleifera seed extracts resulted in better
removal of turbidity and color compared to 1 M NaCl extracts [197]. In one study, coagu-
lant proteins of Moringa Oleifera seeds were purified of oil and then followed the salting
out method at 40% (NH4),504 combined with ensuing dialysis and heat treatment [50].
The purification method plays an important role in the components of the final extract of
Moringa Oleifera, and therefore the use of different solvents for extraction, as well as the
fragmentation of the extract, will yield different types of biologically active compounds
with varying quantities from the plant material [198,199]. Another study pointed out that it
is preferably to use a salt solution in the extraction of the active component of coagulation
of Moringa Oleifera seeds because organic solvents such as hexane, ethanol, acetone, and
methanol could not improve this extraction [146]. In view of overcoming the limitations
of the crude extraction process, numerous researchers have worked on some purification
methods, in addition to dilapidation. For example: dialysis, ultrafiltration, ion exchange,
centrifugation, and Lyophilization have been tested, as shown in Figure 1 [47,187].
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4.2.2. Moringa Oleifera Seeds as a Coagulant-Flocculant

Recently, researchers have been focusing on alternative coagulants that are based
on natural elements. Detailed previous studies have been carried out on the use of
Moringa Oleifera seed extract in water treatment [84,116,180,200-202]. Moringa Oleifera is a
natural polymer that is composed of cationic proteins [203]. Its seeds have strong natural
coagulative and antimicrobial properties [62,204]. These seeds contain an active coagulating
compound [6,187,205]. This compound is a water-soluble protein [47]. This protein has the
ability to remove impurities that are suspended from treated water through aggregation
and then precipitation, finally obtaining clear water [128].

Many previous studies suggest that these proteins are responsible for the coagulation
and flocculation processes [191,206]. Further, these proteins have the ability to flocculate
gram-positive and gram-negative bacterial cells [168]. Furthermore, other studies suggest
that the properties of the coagulant in mature, dry Moringa Oleifera seeds emerge from the
availability of cationic and water-soluble proteins, while other authors suggest that the
properties of the coagulant may be improved by adding cations [47,48]. This protein is a
zwitterion and a polyelectrolyte compound that contains an amine group and carboxylic
acid [87]. Furthermore, it has the ability to be soluble and plays the role of natural cationic
polyelectrolyte that causes coagulation in water that contains turbidity [5,88]. It has been
reported that the active ingredient, which is a polyelectrolyte, was isolated in the laboratory
where about one kilogram of (nearly pure) polyelectrolyte was produced from one hundred
kilos of Moringa Oleifera kernels [207]. It was reported that the protein isolated from these
seeds has a characteristic flocculating property [128,190], and the level of polyelectrolyte in
the kernels varies according to the harvesting season. Therefore, it is preferable to harvest
seeds during the dry season, because they contain a high percentage of polyelectrolyte [207].
It is worth noting that Moringa Oleifera seeds may have different constitutions according to
the growing conditions of the trees in different geographical locations, which will affect the
protein concentration and eventually the coagulating properties [208]. These proteins play
a role in improving the quality of water by promoting the coagulation process [47,182,209].
In addition, this is considered an inexpensive method and an accessible facility for the
purification process [129]. The Moringa Oleifera seeds are used in wastewater treatment
as a substitute because of their effectiveness as a purifier of water that was tested as a
flocculant [146]. Moreover, it has been reported that the polypeptide contained in seeds
acts as cationic polymers, which cause the process of coagulation [94], and bacteria in
suspension [55,210]. A recent study recommends the immediate removal of the coagulant
after an appropriate treatment time in order to control the regrowth of pathogenic bacteria,
especially that which is gram-negative, in treated water, such as salmonella, shigella, and
Vibrios, due to the nutrients in Moringa Oleifera extract [211]. Moringa Oleifera seeds used
as a natural coagulant in developing countries are recommended by Jahn (1988) [84]. Co-
agulant extracts from Moringa Oleifera seeds have been recommended for water treatment
in African and South Asian countries [116]. Comparing coagulants resulting from the use
of Moringa Oleifera seeds with other natural coagulants, it is considered one of the most
efficient and environmentally friendly low-cost coagulants [212,213]. Moringa Oleifera seeds
were traditionally applied as a coagulant in the treatment of drinking water [86,143] and
surface waters [180]. Its crude seed extracts have been used in rural communities of African
countries to purify turbid river water [48]. It has been reported that the conductivity and
pH value of water is not significantly affected after treatment [214]. Furthermore, the
powder of seeds was used in the system of water treatment in one village in Nicaragua
by BIOMASA [207]. It was proven that the shelled seeds are more efficient in reducing
turbidity from waters than unshelled ones [208].Further, the unshelled flour of seeds con-
tains a high percentage of crude fiber (% w/w) compared to the kernel, while the kernel is
richer in protein compared to the shells [108].In addition, the activity of the water extract
of Moringa Oleifera seeds demonstrated that it contains lectin that has a coagulant and insec-
ticidal properties [57,135,215,216]. A research study was carried out using lectin (cMoL), a
new thermoresistant coagulant for purification extracted from Moringa Oleifera seed flour
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using a simple technique [209]. Recent research encourages the safe use of water-soluble
Moringa Oleifera seed lectin (WSMoL) to treat water for human use [217,218].

4.2.3. Mechanisms of Coagulation and Flocculation

The zeta potential measure aims to determine the mechanism of the coagulation pro-
cess, which depends on electrostatic forces between charges that are carried by colloidal
particles [47]. Numerous studies showed that the dominant mechanisms of pollutant
removal by Moringa Oleifera seed extract appear to consist of adsorption and charge neutral-
ization of colloidal as well as destabilized colloids/particles [47,219], with a PI (Isoelectric
point) active protein value higher than 9.6, and weight of molecule at < 6.5 kDa) [145].
Figure 2 shows the properties of cMoL coagulant through the binding of proteins positively
charged with parts of the surface having negatively charged particles. Thus, the formation
of floes caused by the particle collision will be led to interparticle saturation of the different
sectors charged with observed coagulation [190,209,220]. The mechanism of coagulation of
nonproteinic organic components proposed is that of a net-like process, similar to sweep
coagulation processes [13]. It has been suggested that in the aqueous system, increasing pH
values due to the availability of basic amino acids in the Moringa Oleifera seed protein play
a role in accepting a proton from the water with the release of a hydroxyl group, which
increases pH values [221]. The proteins found in Moringa Oleifera seeds play a main role
in the coagulation process, and maintain adsorption power of the pH level ranging from
5 to 8.67. Furthermore, it was reported that seed kernels of Moringa Oleifera consist of
large quantities of positive protein charges that behave like magnets and attract negatively
charged particles such as silt, clay, and other harmful particles [175,221]. Some researchers
have indicated that binding sites in Moringa Oleifera proteins may be linked to changes
in pH due to competition between H* /H30* and OH™ ions [13]. Further, in the case of
low pH values, the competition is between H* /H30" and metal ions on the binding of
Moringa Oleifera proteins [222]. It is reported that bivalent cations like Ca?*and Mg?* play
a role informing a structured net-like insoluble that has the ability to capture suspended
particles, which leads to a highly enhanced effect of coagulate in Moringa Oleifera seed ex-
tracts [186]. Further, due to this phenomenon, the textile effluent contains a high percentage
of hazardous substances, especially Azodye compounds, reaching 60-70%. Researchers
have been investigating the removal of dyes via the use of biomaterials such as Moringa
Oleifera seeds as an interesting natural coagulant [30]. Previous studies reported that the
Moringa Oleifera seed extract has demonstrated a high ability to remove several different
types of dyes by a change in pH values [85,192,223-225]. It was reported that a higher dye
removal spent wash rate from the distillery was achieved with lower pH values in the use
of Moringa Oleifera seeds extraction (MOSE) as a coagulant aid [226]. Nevertheless, in other
cases, the low pH conditions do not give higher removals, as in tannery wastewater [195].
It was also mentioned that the efficiency of C-F processes is not significantly influenced by
the pH values due to the complex mixture of cationic and anionic species. Additionally,
the effect of wastewater can play an important role between hydrophobic colloids and
Moringa Oleifera proteins [13,227]. It was reported that coagulation was the proper mecha-
nism for removing tetracycline from polluted water resulting from its interaction with sites
of lectin binding [13,228]. The Coagulation mechanism of Moringa Oleifera lectin coagulant
was presented in Fig.2. However, removal mechanisms are one of the most interesting gaps
that need to be filled by other related research.

4.2.4. Treatment of Wastewater Using Moringa Oleifera Seeds as a Coagulant
Municipal Wastewater Effluents

Employing Moringa Oleifera seeds (as powder or extracts) has been tested to remove
pollutants from municipal wastewater effluent.
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Figure 2. Coagulation mechanism of Moringa Oleifera lectin coagulant (cMoL) [220].

Table 5 shows detailed information on the use of Moringa Oleifera seeds and their
extracts to treat municipal and industrial wastewater. It was reported that the turbidity
reduced from 287 to 38.8 NTU when using Moringa Oleifera seed powder [229]. Many
authors suggested that combining commercial coagulants with Moringa Oleifera seeds is
a common practice in order to obtain the best results, as shown in Table 5. One of the
reports stated that 64% of the COD was reduced and the amount of sludge produced
after treatment of municipal effluents when coupling 100 mg/L of Moringa Oleifera with
10 mg/L (Alum) followed by a sandy filtration was lowered [17]. It was reported that a
powder made from seeds of Moringa Oleifera possessed a higher efficacy reduction in the
total bacteria population compared to alum and filters of sand applied in a stabilization
pond [141]. Furthermore, the removal of turbidity reached its highest value (96.8%) with a
combination of alum followed by WSMoL [230]. There is a substantial information gap in
this area that is worth exploring, and new research directions should concentrate on real
wastewater samples that contain the target pollutants.
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Table 5. Flocculating efficiencies of Moringa Oleifera seeds in treating municipal effluents.
. . . Removal
Wastewater Type/Pollutant Role Seed Processing Optimal Conditions Other Co-Process S, Reference
Efficiencies (%)
Municipal wastewater . .
_ Peeling manually, Drying, o 1
pH =7.26 Grinding, Sieving (0.5 mm), 94.44% ;furbldlty
Turbidity 76.74 NTU Coagulant ! . 150 mg/L C-F 68.72% BOD [231]
Extraction with Hexane, o
BOD 147.45mg/L Drvine of cake at 50 °C 57.61% COD
COD 47418 mg/L ying
Domestic wastewater
Turbiéjilt_;zzz..?g NTU Coagulant Extraction with Distilled water 250 mg/L C-F/Filtration 857'%).{;0/1:5213;’()’ [232]
Color 272.33 (mg Pt-Co/L)
Extraction with 2g/L 62% (MO + NaCl)
Urban wastewater (NaCl (1 M), KC1 (1 M), rapid 160 rpm for 30 s, _ 71% (MO + KCl)
Turbidity of 61.2 NTU Coagulant Ca(OH), (0.011 M) Slow 15 tpm for 15 min, C-F 85% (MO + [233]
Filtered with Filter 1 mm Settling for 2 h Ca(OH),)
Grounding, Sieving with 600 10 mgl/ (I;Oorizl;lin with
Urban wastewater pm. . . o
COD 150 mg/L Flocculant Extraction with Distilled water Rapid 100 rpm for 2 min, CF 64% (71
2 2/100 mL) Slow 20 rpm for 10 min,
& m Settling for 30 min
Bath wastewater (greywater)
pH =7.66 2g/L 98.14% Turbidity
Turbidity 275 NTU Ie lant Peeling manually, Drying, Rapid 100 rpm for 1 min, C- 98.90% TSS [134]
TSS 110 mg/L oaguia Grinding, Sieving with 500 um Slow 25 rpm for 20 min, F/sand filtration 75.64%T. Phosphate )

T. Phosphate 12.32 mg/L
T. Nitrogen 33.4 mg/L

Settling for 30 min 43.11%T. Nitrogen

Food Industry and Livestock Wastewater

Dairy industry wastewater treated by Moringa Oleifera seed was reported to have no
better removal results. Using an increased dose of coagulant of 3 g/L (11% removal of
COD, 53% removal of color, and 60%turbidity) is shown in Table 6 [234]. Reduction in the
removal rate of COD can be caused by a transfer of a portion of the organic compounds
from Moringa Oleifera seed to the effluent [13]. To solve this problem, some studies showed
that ultrafiltration separation functioned well as a complementary treatment process. For
example, one study reported an increase in COD removal from 39.4% to 98.5%, along with
significant removal of both turbidity and color at 99.9% [235]. Bamboo leaves showed
the best performance, among different organic filter materials (sawdust, coal, eucalyptus,
gliricidia branches, and bamboo leaves), for wastewater treatment results from dairy
cattle breeding [188]. Moringa Oleifera seeds Extraction (MOSE) showed great efficiency in
turbidity removal of coffee cherry pulping wastewater reaching up to 93.66% and a pH of
4.27 [236].

Table 6. Treated agro-industrial wastewater using Moringa Oleifera seeds (flour and extract).

Removal

Wastewater Type/Pollutant Role Seed Processing Optimal Conditions Other Co-Process Efficiencies (%) Reference
after CFS
.o 11% COD
Dairy industry wastewater o,
pH =403 Grinding of MO seeds, Rapid 100 rn fon 2 min CF- Tffbﬁiict;lg(;%
COD 4610 mg/L Coagulant  Extraction 50 g with 1ILKCI(1 P g : Or fter CES-ENE [234]
Color 4141 mg Pt-Co/1 M), Filtering ow 20 rpm for 10 min, (CFS-MF-NF) after CFS-MF-
Turbidity 520 NTU Settling time of 60 min 96% COD
99% Color
99% Turbidity
pH=5
A Peeling, Mashing 50 mg/L Color)
Dairy industry wastewater Extraction with NaCl 10% 200 mg/L (Turbidity) 91% Color
Color 2323 mg Pt-Co/1 Coagulant - . . . f C-F o L [237]
Turbidity 368 NTU (w/v).Filtration with paper 14 Rapid 120 rpm for 2 min. 92% Turbidity
urbidity pm. Slow 20 rpm for 20 min.

Settling time of 60 min;
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Table 6. Cont.

Wastewater Type/Pollutant Role Seed Processing Optimal Conditions Other Co-Process 'R.emo.val o Reference
Efficiencies (%)
(425, 150, 212)
pm
Dairy industry wastewater E)I:; iﬁgﬂ?ﬁg:ﬁ Slrlug?c}\r/lﬁ{ pH=7-9 Cob 55'?11/0 to 425
COD 1440 mg/L Coagulant : ! g (425, 150, 212) pm C-F o prn. [238]
Turbidity 230 NTU size (300, 500, 500) mg /L 44.4% to (150, 212
y (425,150, 212) pm e g L1m)
Turbidity
(90,93.5,96.8)%
o pH=9
Dairy mdlﬁtfy;,z?stewater Drying, Peeling manually, 100 mg/0.5 L 61.60%Turbidit
PR Coagulant  Grounding, Sieving size 600 Rapid 100 rpm for 2 min C-F oy y [239]
Turbidity 289.5 NTU ) f - 65% COD
COD 10,000 mg/L nm ow 40 rpm for 30 min
! Settling to 60 min
Dairy F}‘nd;zt'ry VI\(Iei[s‘[tjwater Drying, Crushing, Sieving 150 pH =79 85.88% Turbidity
urbidity Coagulant o 100 mg/L C-F 40.15% COD [240]
COD mg/L Preparation solution with Settling to 45 min 60.17% BOD
BOD mg/L Distilled water 2% (w/w). cting to e
Wastewater of dairy cattle
Dollgg Dygan s Clor UL e 00TS
TS 2884 mg/L Coagulant Extraction with water Mixture manual for 10 filter) 4%9328?; //DCT S]S) [188]
TSS 1339 mg/L ! 50 g of seeds in 1 L of water min N
COD 3137 mg/L
Slaughterhouse wastewater Drying, Deshelled by hand, pH=9 . o )
COD 8772 mg/L Coagulant ./ Jing, Sieving with 0.51 mm 7g/L C-F/adsorption 64% COD (241]

Moreover, a better performance was obtained, as shown in Table 7, using Moringa
Oleifera seeds (150 mg/L) and natural filter media in tapioca starch wastewater treatment
after passing through a primary sedimentation tank followed by a two-stage clarifier
(i.e., coconut fiber followed by sand) [242]. The use of MOSE as a flocculant increased the
productivity of factories of cassava starch and increased efficiency by reducing sedimenta-
tion time by about 80%, thus allowing for a quick batch operation [243]. Coagulation tests
with doses 0—4 g using MOSE for coffee wastewater treatment at pH range 3-7 revealed that
the removal of TSS went from 8% to 54% [244]. Furthermore, the combined use of MOSE
3469 mg/L and flocculant (NALCO 7751) 6736 mg/L showed improvement in removing
suspended particles, as shown in Table 7 [245]. In this case, understanding the removal of
organic contaminants in wastewater treatment using Moringa Oleifera seeds is one of the
most interesting gaps identified.

Table 7. Use of seeds of Moringa Oleifera in the treatment of food industry effluent.

Wastewater Type/Pollutant Role Seed Processing Optimal Conditions Other Co-Process E fﬁIc{ieex::gi‘;:l(%) Reference
Coffee Wastewater Peeling, Crushing to a coarse o
COD 26,890 mg/L Consulant powder. Dose (04) g/L oF %ﬁfg{e gr?f D]
Nitrate 11.1 mg/L 8 Extraction with Distilled water. pH (3-7) Niitrite (20-100)°%
Nitrite 45.7 mg/L Filtering by cheesecloth. °
R Drying, Peeling manually, H=5
Palm OI;Imjlzll eSfﬂuent Extracytioér;\ with n?Hexane (9y6%) 60180 mg/L 95% TSS
Tss % 9_27' Coagulant  Extraction with Distilled water Rapid 150 rpm for 5 min C-F o [246]
, mg/L 5% (w/ low 30 for 30 mi 52.2% COD
COD 40, 200 mg/L R o (/o). s.ow SUrpm 1of 5Umin
! Filtration with muslin cloth Settling time of 90 min
pH=5
Palm oil mill effluent 3469 mg/L
pH=45 Coagulant As described in [246] Rapid 150 rpm for 5 min. C-F 99% TSS [245]
TSS17.927 mg/L Slow 30 rpm for 30 min.

Settling time of 114 min.
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Table 7. Cont.

Wastewater Type/Pollutant Role Seed Processing Optimal Conditions Other Co-Process 'R.emo.val o Reference
Efficiencies (%)
150 mg/L
two-stage filtration
Tapioca starch wastewater .. process
pH=58 Peeling manually, agltatlo? itslriitg 20 rpm C-F/naturalfilter/ 99.6% BOD
BOD 1702.10 mg/L Coagulant  Drying, Milling, Sieving with Sedimontation 3 1 o Filtration 99.7% COD [242]
COD 63704 mg/L 50 mesh Total incubation time i 91.5% TSS
TSS 206.6 mg/L (Total incubation t1me in
each tank to settling
24h)
pH = (7.8)
Treatment of Specific Wastewater
Moringa Oleifera is an important natural coagulant from environmental and economic
points of view in treating refinery wastewater [247]. The removal of color and turbidity of
surface water reaches above 90% along with decreased dissolved organic carbon (DOC)
using Moringa Oleifera seed extract [89], as shown in Table 8. Although, protein rates in
CaCl; coagulant extract of seeds of Moringa Oleifera decreased compared to the NaCl extract.
However, CaCl, extract gives better treatment efficiency, reaching 78.9% for Microcystis
Aeruginosa. This could be interpreted as being caused by calcium ions contributing to
the coagulation-flocculation process that likely forms a net-like structure with coagulating
compounds of Moringa Oleifera seeds [197]. The coagulation/flocculation (C/F) process
using Moringa Oleifera seed powder followed by dissolved air flotation (DAF) gave the
best removal value, reaching 96.5% for chlorophyll, and the sludge generated was rich
in lipids and biodegradable, which means it could be a suitable alternative in biodiesel
production [248]. Hospital wastewater treatment showed high efficiency performances in
the removal of pollutants tested using MOP and MOP-PACI composite coagulant [138].
Given the expanding number of substances that are being considered for inclusion on the
list of emerging contaminants, more studies are needed on this subject, which represents a
significant knowledge gap.
Table 8. Moringa Oleifera seeds as a coagulant for wastewater treatment.
Wastewater Role Seed Processin Optimal Conditions Other Co-Process Removal Reference
Type/Pollutant 8 4 Efficiencies (%)
(10 g/250 mL)
Soapy weiter sample Soapy water sample Soapy water
pH=6.46 pH 6.67 sample
TDS 345 mg/L Coagulant Drying, Peehng manually, Settling 3 h. C.F 14.49% TDS [249]
Muddy water sample Crushing Muddy water
Muddy water sample
pH 6.20 pH 6.60 sample
TDS 318 mg/L Settling 3 h 15.72% TDS
Fe(IIl) with
(MOSE)
2 g/L Fey(SO4)3.XH; O, 97% Color
40 mL/L (MOSE), pH 90% COD
(3.0). 99.89% Turbidity
Distillery Wastewater . . 1.5g/L AI(III) with
Color Dark brown Driﬁ‘%’ﬁﬁ“gf(ghari‘nlilxégagg“ (AL (SO4)3.18H,0), 40 (MOSE)
COD 16,200 mg/L Flocculant w Filtored uasin ﬁ‘fter “oer . mL/L (MOSE),pH (4.0) C-F 96.5% Color [226]
Turbidity (490-510) NTU (Whatf;'l 1) pap 4g /L (CaS04.2H,0), 40 87% COD
pH (5.5-6.0) mL/L (MOSE). 99.85% Turbidity
Rapid 300 rpm for 2 min. Ca(II) with
Slow 30 rpm for 30 min. (MOSE)
Settling for 4 h. 30% Color
43.0% COD

82.60% Turbidity
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Table 8. Cont.
Wastewater Role Seed Processing Optimal Conditions Other Co-Process Removal Reference
Type/Pollutant Efficiencies (%)
(integral,
. mechanical,
Drying, Ground hexane, ethanol)
Raw water coagulant 13.78 mg/L Turbidit
pH7.91 Coagulant (integral, mechanical, Hexane, Rapid 100 rpm for 3 min. CF (82.53%,89 4}175"/ 189]
Turbidity 75 NTU (protein) Ethanol), Extraction with (NaCl Slow 15 rpm for 15 min. 89 1 0% 0,8 4 -76"/ ;’
DOC 1540 mg/L 1M),Vacuum filtered Settling for 30 min. ’ D“’OC' o
(—59.94%,
40.78%,42.53%,27.92%).
. . 100 mg/L
Drying, Gr%ggduar\;ld Sieved of Rapid (200-250 rpm) for
. . . . 1-3 min.
Synthetic Wastewater Extraction with Distilled water, o 1
Turbidity 100 NTU Coagulant Filtered through filter paper 51ow1301~§0 rpm for C-F 94.1% Turbidity [250]
. — min.
(Whatman no. 42, 125 mm dia.). .
atconcentration 1% Settle for 20-60 min.
at (26-32) °C
MOSE with DW
(300 mg/L).
. Drying, Peeling, Ground. FD-DW MO (132 mg/L). 7%
S%ﬂ;gfg; WZ%SS%N;SI Coagulant Extracted with Distilled water (FD-DW MO + KCl) CF 93% [251]
Y and KCI 1 M salt solution) (10 mg/L) 91%
Rapid 100 rpm for 4 min.
Slow 40 rpm for 25 min.
(MOP) 320 mg/L
Al MOP ratio of 054 MoE
Hospital wastewater Drying, Crushing, Extraction ) . o (MOP-PACI)
pH=758 Coagulant with Hexane, NaCl 1 M, and aluminum dosage in Turbidity ,
Turbidity 14.99NTU (MOP) (MOP- g1 ored through Whatman No.1 ~ MOP-PACI coagulant of CF (64%,36.11)% [138]
PACI) . 4.32 mg/L. In addition.
COD 283.04 mg/L filter paper Rapi ; COD
apid 200 rpm for 3 min. (38.36%,60.12)%
Slow 45 rpm for 30 min. ORI e
Settling for 1 h.
Wastewatler (t)Concrete Manually removed from the H =11.31
pan Dry pod, Peeled, weighed and pii= o 3
pH 11.96 Ground Sieved 24 mesh 5g/L. 92.97% Turbidity
Turbidity 8.390 uT Coagulant ound JIeves 20 mes i Rapid 100 rpm for 1 min CF 35.13% TDS [252]
TDS 706 Extraction with Distilled water, . o ..
mg/L R Slow 40 rpm for 20 min. 57.50% Conductivity
. 9 Filtered through a 3 um .
Conductivity aper filter settling 6 h
1589.5 1s/cm pap :
Paper Mills effluent Drying, Crushing, Sieving them
448 NTU Coagulant in 600 microns. 3g/L C-F 31.47% [18]
Paper mill effluent The seeds are stored at room 1;13 TEQ{
pH=742 temperature, Drying, Peeling, : - ; 5 Turbidity 96.02%
Turbidity 173TU Coagulant Crushing, Rapid fg?;gl‘f‘ofr";g;‘i‘r{" CF COD 97.28% (253]
COD 10,752 mg/L 5g/L (1 M NaCl) Settling for 30 min.
70 mg/L for MOSE, Alum
Oil Refinery wastewater The seeds Drying at 35 °C for 5 or +MOSE
pH=87 h, Grounding, Sieving 600 pm 2:1 dosage ratio 63.70, 86.14%
Turbidity 37 NTU Coagulant Extraction with water 1 g/L, (70 mg/L and 80 mg/L) C-F Turbidity [247]
TSS 95 mg/L Filtration with 0.45-micron Rapid 300 rpm for 1 min 62.05, 81.52% TSS
COD 435 mg/L filter paper Slow 40 rpm for 20 min. 38.60, 50.41%
Settling for 30 min. COD

Textile and Dye Industry Wastewater

Annual global production of commercial dyes and pigments is increasing, with Azo
dyes representing the largest class of these dyes [254]. Textile effluent might damage
aquatic and vegetable life in those cases when it is directly discharged into the environ-
ment [30]. In Table 9 presents the removal of turbidity and color from the textile and dye
industry effluents and Table 10 shows treatment results of some textile effluents with the
rate of removal efficiencies related to the difference in organic and inorganic loads for that
wastewater. The Moringa Oleifera seeds were highly effective in removing several different
types of dyes, such as Azo dyes, and not just anthraquinonic dyes [255]. The effective-
ness of Moringa Oleifera seed in removing Rh-B dye from wastewater was reported [256].
Moreover, Moringa Oleifera demonstrated a high ability to remove anionic dyes, as shown
in Table 11 [257]. Furthermore, it was suggested that pH adjustment is not needed in the
treatment of reactive dyeing effluents and subsequent alkaline washing baths [223]. Many
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studies focus on dye removal using Moringa Oleifera seed salt extract (among them anionic
dyes) because of its high ability to remove dyes in comparison with using just Moringa
Oleifera seed powder [13]. It was reported that it is also used in the treatment of textile
wastewater [258]. It was also reported that the combination of magnetic nanoparticles
with the Moringa Oleifera seed protein as a coagulant decreases the measured values of the
physico-chemical parameters and reduces settling time [259]. In addition, it was shown
that applying iron oxide nanoparticles plays a role in accelerating separation, and increases
the efficiency of removing four anionic synthetic dyes with a coagulation/flocculation
process followed by magnetic sedimentation, as shown in Table 9 [260]. On the other hand,
it was reported the ability of protein fractions derived from Moringa Oleifera seeds (albumin
and globulin) as a natural coagulant functionalized with iron oxide magnetic nanoparticles
and albumin (SlbFe) and was more able than globulin (GloVe) to remove RB5 [261-289].
However, the lack of information on the full potential of Moringa Oleifera seed extracts in
nanoparticle synthesis is a significant knowledge gap that is worth exploring.

Table 9. Removal of turbidity and color from the textile and dye industry effluents using Moringa
Oleifera seed.

Wastewater . Chemicals . Lo Other Removal
Type/Pollutant Role Seed Processing Compounds Optimal Conditions Co-Process Efficiencies (%) Reference
Cljffslilgé 60 mg/L of x-Fe;O3 withoutexternal
oo . 7, and magnetic field
Tex;‘l; 1“;;75“3’ Ei‘“lvﬁ\]“;’é‘l‘f‘/zh 400 mg/L of MO. 87.45% Color
=3, . . o e
Color 707.3 uH Coagulant (w/w) «-Fe;03-M.O coagulant %Tpldzloo 0 rpn; fO;O2 o C-F 86'45 o Turb1d1;y [262]
Turbidity128 (1gin 100 mL). o - Thm Tor 24 i under externa
NTU then Filtering on Settling for 10 min magnetic field
i ualieta ti\g/eo External magnetic of 92.37% Color
T rane 600 k Am~! 91.43% Turbidity
Series of steps
Synthetic dye for obtain on
coagulant
wastewater (ProtAlb) ProtAlbFe (150, 75, 150,
Amaranth (AM) in finall ’ 115) mg/L 86% (AM) at
20 mg/L Y at (AM), (BB), (SY), (RB5), H3
Brillian% Blue preparation respectively. 52% (B%) atpH5
. . . o
(BB)100mg/L  Coagulant 5;1%?;;;;:& ProtAlbr. Rapid (100 rpm for 3) min CF 69% (SY) at pH5 [260]
Sunset Yellow 1% (w/w) Slow (15 rpm for 15) min 94% (RB5) at
(SY) 20 mg/L ° L Settling with magnetic H6
& synthesis of & g P
Reactive Black5 }I,nagnetic 5 min.
(RBS) 20 mg/L nanoparticle
[259,263].
Table 10. Treating textile industry effluents using seeds of Moringa Oleifera.
Wastewater Role Seed Processin Optimal Conditions Other Co-Process Removal Reference
Type/Pollutant 8 P Efficiencies (%)
Husk of seeds, Ground, H=7
Extraction IZO rr_1L
Tannery effluent with . . 76.2%
Turbidity 121.9 mg/L Coagulant 0.25 M NaCl Rapid (150 rprh for 3 min CF 71.2% [195]
025 MKCl e o 30 mim
at 5% (w/w) then filtered Settling for 30 min
Textile wastewater o
pH=7 Drying, Crushing, 985 4568"//0583
COD8720m g/L sieved 0.02 mm Coagulation/ e )
BOD 890 mg/L Coagulant Extraction with 95% ethanol 700 mg/L Biodegradation ;359 (?62°//0 :FFSSS [264]
TSS 992 mg /L (5%, w/o). 98% Color
TDS 5452 mg/L ¢
for remove COD
. 30g/L,
Textile wastewater Seeds washed, Drying at Flocculation time 60 min. o
pH =82 Coagulant 60 £ 2 °C, Crushing, Sievin for remove Color C-F 75.6% COD [265]
COD 1556.2 mg/L 8 ’ & 8 62.8% Color

Color 291.3 Hazen

200pm size

20g/L,
Flocculation time
120 min
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Table 10. Cont.
Wastewater Role Seed Processing Optimal Conditions Other Co-Process Removal Reference
Type/Pollutant Efficiencies (%)
Tex_tll.e industry Drying, external shells were 48% Turbidity
Turbidity 250 NTU removed 57% TSS
TSS 1250 mg/L Coagulant Crushi d i( 1 60 mL C-F 70% TDS [266]
TDS 5750 mg /L rushing seed kernel. o
TS 7000 mg,/L 10 g/200 mL of distilled water 68% TS
pH6.5 o e
Textile industry (CP)3g/L 75.68 /(Zg;)rbldlty
(Dye rich) (FP)3 g/L o -
pH 6.64 Coagulant ~ C0%rse 1(’)%‘;?(12%) ) < 590 M Rapid 100 rpm for 2 min CF 77.45% ?g;;bld”y [267]
Turbidity 259 NTU p H Slow 40 rpm for 30 min. )
COD 2600 mg /L. Settling for 30 min COD ~61% (CP)
& & COD ~61% (FP)
at room temperature.
Laundry wastewater Drying, Grounding < 0.2 mm,
pH =7.96-8.37 Drying again at 100 °C for 24 h, pH=5.77 _ o s
Turbidity 57.8-68.1 NTU Coagulant Sieving 50 mesh that according 120 mg/L CF 83.63% Turbidity [268]
COD) 423-450 mg/L to coagulant-method [245]
40,000 mg/L for
turbidity
Batik effluent 50,000 mg/L for TSS
pH =6.05 Crushing, Drying at 105 °C for Rapid (100 rpm) for 3 3 96% Turbidity
Turbidity 1306 NTU Coagulant 30 min Slow (40 rpm) for 12 min. CF 88% TSS (269]
TSS 1248 mg/L Settling time (180, 60
min for Turbidity and
TSS, respectively
Table 11. Efficient Removal dyes using Moringa Oleifera seed extract.
Synthetic Dye Role Seed Processing Optimal Conditions Other Co-Process Efﬁrc(ieer:llgi‘ézl(% ) Reference
Dry, Peeling, Grounding
Extraction with 1 M NaCl
Dye (CSB) (Chicago Sky Blue solution (5 g/100 mL), pH=7
6B) Coagulant (5% w/w) Coagulation/Adsorption  Up to 99% [192]
100 mg/L Filtered by commercial filter 125.7 mg/L
paper then
fine-filtering (0.45 pm)
5 mg /L
Crushed, Sieved through 0.45 mm 5 C
i , - . H <9 (range of 5-9) . . 2%
(D'{Sf)t,zlg,’ff 19) Coagulant extract 0.5 M (NH4),50; Ra];id 120 rpri) for Tmin,  Coagulation/ Adsorphon(direcg'fb%a/ck 19) [254]
Filtered with 0.45 pm membrane Slow (45 rpm) for 20 min
Settle for 30 min.
Peeling Manually, Ground, 62(1 TCL
Yellow Reactive Extracted with (NaOCl) or (KCI) pH (NR) ) )
100 mg/L Coagulant 4 /100 mL (4% w/w), Rapid100 rpm for 2 min Coagulation/Adsorption 89% [23]
Filtered using Whatman Slow 40 rpm for 30 min
filter paper Settling for 30 h
Shelled seeds, Peeling Crushing,
N Extraction with 1 M NaCl (5% pH=7
Ahzla(l)‘é)nn\‘h(;lft 3R Coagulant w/w) 20°C Coagulation/Adsorption 95% [255]
& Filtered by filter paper then 62.87 mg/L
fine-filtering (0.45 pm)
Crushing, Extraction with 1 M pH=38
C.I Reactive Blue 19 NaCl (5% w/w 90 mL . : o
150 mg/L Coagulant Filtered by fi(lter papir then Rapid for 5 min at 200 rpm. Coagulation/Adsorption  up to 90% [257]

fine-filtering (0.45 pm)

Slow for 55 min at 60 rpm.

Metallic Ions Removal Using Moringa Oleifera Seeds as a Coagulant

Table 12 shows some studies that have been reported in the literature on the main

metals and metalloids removed by seeds of Moringa Oleifera. The As (III) and As (V)
removal processes are more sensitive to pH changes with Moringa Oleifera seed flour. The
results proved that As (III) was absorbed at pH 7.0 while As (V) was weakly retained [69].
In the case of Cd, adsorption using Moringa Oleifera seed flour was a favorable effect with
the decrease in particle size [270].Characterization of the Moringa Oleifera seed powder
(MOSP) by Fourier-transform infrared spectrometry (FTIR) demonstrates that Cd and Cr
removal with MOSP involves Cd, Cr (-amino acid) interactions that play the main role
in the adsorption process of the contaminants [271,272]. Double filtration after treatment
with seeds of Moringa Oleifera was suggested for the removal of heavy metals (Cu, Pb, Cd,



Sustainability 2023, 15, 4280 22 of 37

Cr) from contaminated water, and the removal efficiencies were 95%, 93%, 76%, and 70%,
respectively [72]. Significant improvement was reported in the removal rate reached for Zn
at 84%, and 99% for both Mn and Ni using a bed column made of Pyrex glass that has an
internal diameter of 4.5 cm and height of 55 cm, while a slight improvement in Cu removal
was observed [273]. The removal of cadmium (Cd) using Moringa Oleifera seed flour has
been reported to be in the range of 85.1% to 100% [72,270,274,275]. It has been reported
that the range of removal of trivalent chromium (Cr (III)) was that of 70% to 99.29% using
Moringa Oleifera seed flour [72,272,274,276-289], whereas removals of hexavalent chromium
(Cr (VI)) were in the range of 47 to 97.5%, as reported [277-279]. Moringa Oleifera seed
flour showed better coagulant performance in the removal of lead (Pb) with a percentage of
more than 90% [72,274]. The removal of lead (Pb) increased when reducing the particle size
of the powder of Moringa Oleifera seeds [271]. This could cause an accumulation of heavy
metal making sludge and sediments unusable for agricultural purposes. This presents
another knowledge gap that needs to increase further studies.

Table 12. Optimal Metal Ion Reductions Using Moringa Oleifera seed flour and extract.

Cﬂ(\)/;ect:rllg l;tl\i% (:11‘::;;3 Seed Processing Coagulant Dosage Optimal Conditions Removal Efficiencies (%) Reference
Seeds washed twice
As* and As®* with Deionized water pH =7 for As>* 71% A3 [13
As®* at 100 mg/L and Driefi in air fpr 8h, lg pH =1 for Asd* 9;0/ SA 5[+ ] [69]
As®* (0-100) mg/L Crushing, Sieving Contact time (60 min) 0 As
through 500-75 um
Seeds washed with
De-ionized water, pH =75 for As** o A3
As* and As™ 25mg/L  Drying at 65 °C for 24 h, 2./200 mL pH = 2.5 for As™ Q2L Bs, [70,71]
Crushing and Sieving Contact time (60 min) 0728
(105,210 and 420 1m)
Seeds washed with
De-ionized water, pH =65
Cd 25 pg/mL Drying at 65 °C for 24 h, (4 g)/200 mL . . 85.10% Cd [270]
Crushing and Sieving Contact time (40 min)
(105, 210 and 420 pnm)
Shelling of seeds,
Crushing (66.33,70.10%) Fe
Fe; Cd; b (5.0-7.0) or . (2£)/100 mL Contact time (12 h) (45.60, 47.24%) Cd [280]
mg/L Use of cakes after oil (89.40, 88.25%) Pb
extraction from the B
seeds after press
Deshelling, Washed MO lated
2+ with De-ionized water, encapsulated:
Zn2+ 24.15mg/L Air-Dried, Crushing H=2-10 61% Zn, 99% Cu, 50% Mn,
Cu?* 5324 mg/L then svnthesize of c pH= 0130 71% Co, 78% Ni
Mn2* 116.08 mg/L enczpsulate 9 2-10g/L OntaCtrgifg)e 0 MOencapsulated + Bed [273]
Co**9.088 mg/L MoringaOleifera bead at30°C 84% 7n 16%10211&?1 99% Mn
Ni?** 6.704 mg/L using powder of seeds 71% Co, 99% Ni ’
of MO with Ca-alginate
Drying, Peelin H =5
6 ying, 8 P o,
Cr*" 5 mg/L Grinding, Sieving 058 Contact time (120 min) 88%Cr (VI) [278]
Peeling manually, Wash
with Distilled water, WSP
Dried at 65 °C for 24 h, _ 3 3
Cr¥* 25 mg/L Crushing and Sieving 1g/300 mL for Cr®* pg - Zﬁor gr; el : 2771
6 ; 6 pH=2for Cr
Cro with (106, ﬁrlr% and 425) 2 g/300 mL for Cr* Contact ime 60 min 247130 grz
Extraction with 95% onr
ethanol
Drying, De-shelled,
Cfsﬂgﬁga‘/gashm_g "élfh He4 MO < 30% MO + KMnOj.
2. 7.2 istilled de-ionized, = 2+
Cd**; Zn* 100 mg/L Drying, Sievingl mm, 058 Contact time (60 min) MO adsi);la)idcﬁr; ) better (222]

Extraction with
Acetone/Ethanol
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Table 12. Cont.
Cﬂ(\:;ectearllg ratl\i/f) enta(lr:l(:gi/?) Seed Processing Coagulant Dosage Optimal Conditions Removal Efficiencies (%) Reference
Cr® 50 mg/L Drying between 50-60 <0.5 2~ 99% Cro*
Cr®* 2mg/L °C for 48 h, Grinding, 0.8 gm/100 mL Contact time (24 h) < 0.05 & 97.5% Cr*<0.05 ~ [279]
Cr®* and Cr¥+ 2 mg/L Sieving with 50-micron 97.5% Crb*; Cr3*
Drying, Peeling,
Grinding, Sieving with Rapid mixing 120 rpm 95% Cu
Cu; Pb; Cd; Cr 600 pm. for 1 min; 93% Pb
i o1 Extraction 25 g with 200 2g/L Slow mixing 30 rpm for o [72]
g/L o o 76% Cd
mL Distilled water, 15 min; 70% Cr
Filtered through 20 um Settling 60 min
paper filter
Cd 0.02 mg/L . . ¥
Cu 0.02 mg /L Peglmg, Crushlng, Rapid mixing '120 rpm 1;)00020 CCL;:I
Mn 0.92 mg/L Sieving with 600-pum for 1 min 70% Mn
Zn0.20 mg/L Extract with Distilled 10 mL/50 mL Slow mixing 30 rpm for '50% 7Zn [275]
Fe 2.60 mg/L water 15min 52 .2% Fe
Ni 010 ma /L 25/200 mL Settling 60 min 53.8% Ni
Cd (16.40;11.80;12.89)
mg/L y
Cr (9.80;8.70,8.98) mg /L ) . . Cdat750 mg/L 99.29% Cd
Cu(580440397)  reling dyingato0 & Crat 625 mg/L 99.29% Cr
mg/L or =2 1, Lrinding an Cu at 500 mg/L Rapid mixing 100 rpm 96.03% Cu
Co (1.80;1.90,2.85) mg/L Sieving W}th 600 um Co at375mg/L for 1 min 95.56% Co [274]
Fe (1.40;1.10;1.49) mg /L %X.frt%‘ﬁtlgn thth Fe at 500 mg /L 30 rpm for 10 min 99.29% Fe
Pb (1.90;1.40;1.73) mg/L o0 ot e Pb at 500 mg /L Settling for 20 min 96.84% Pb
Mn (2.70;3.0011.99) 25 8/ 200 mL, Filtered Mn at 375 mg/L 87.41% Mn
n (2.70;3.00;1. : - na m -
lafrael th 20 filt g o
o0 Z%gl/leo oo wi um paper filter Zn at 500 mg/L 91.35% Zn
n (10.40;11.20;9.
mg/L

5. Conclusions and Recommendations
5.1. Conclusions

For decades, the search for natural-based products as an alternative to conventional
synthetic coagulants has continued, and the uses of these in wastewater treatment are
synonymous with plenty of challenges. Moringa Oleifera seed products are preferred if taking
an environmentally friendly approach that avoids environmental contamination, because
they possess more advantages over alternatives not only in terms their high efficiency
in water treatment, but also for being safe, environmentally friendly, biodegradable, and
low-cost. These benefits encourage their use in wastewater treatment.

This review of multiple previous studies provides valuable information related to
the use of products related to Moringa Oleifera seeds in wastewater treatment which can be

summarized as follows:

L

1L

III.

Iv.

VL

VIL

Treating wastewater using Moringa Oleifera seed flour is an alternative method
and highly interesting in developing countries, especially in small plants, as they
have high cost-efficiency, in addition to their low toxicity;

Moringa Oleifera seed flour shows good results in lowering turbidity and removing
pollutants from municipal wastewater;

Studies notice a significant improvement when purifying water, and in protein
extraction of Moringa Oleifera seed flour when removing some contaminants,
but the removal rate increases when specific pollutants are studied in samples of
industrial wastewater;

Many studies have proved that Moringa Oleifera seeds have shown antimicrobial
activity against various pathogens such as bacteria, fungi, and viruses;

Cationic proteins from seeds of Moringa Oleifera are viewed as sustainable materi-
als possessing coagulation efficiency similar to chemical coagulants for treating a
variety of wastewater samples for the removal of turbidity and toxic water ions
without the development of dangerous sludge;

Moringa Oleifera seeds improve efficiency and reduce the ultimate toxicity of
treated wastewater when they are used in conjunction with chemical coagulants;
Several studies have shown that Moringa Oleifera seed powder is promising and
more effective compared to whole seeds of Moringa Oleifera;
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VIIL.  In order to avoid increasing the organic matter after wastewater treatment with
Moringa Oleifera seed flour, it is recommended to purify the seeds before use;

IX. No significant effect on changes in pH was observed in the performance of Moringa
Oleifera seeds when treating real wastewater. On the contrary, the pH has been found
to have an effect on removing specific contaminants from synthetic wastewater;

X. Economically, the increased demand for the use of Moringa Oleifera seeds in process-
ing will help rural, poor people, and will benefit Moringa growers economically.

5.2. Recommendations

Despite the encouraging results reported for using Moringa Oleifera seeds in wastewater,
there are some questions that still need to be answered that require further investigation:

L Further studies are needed to find out how the contents of seeds of Moringa Oleifera
interact with colloids present in wastewater, and to understand their stability and
behavior. Additionally, the study of the effect of grain size of seeds of Moringa
Oleifera on the extraction of active substances need to be conducted;

I More studies should be performed to assess the performance of seed-derived
flocculants according to pH values;

II. Further, it is important to determine the detailed molecular mechanism of antimicro-
bial compounds from Moringa Oleifera seeds, and the method of attacking microbes;

Iv. More studies should isolate and characterize the active compounds in Moringa

oleifera seeds to determine the toxicity and optimum dose to be used as an effec-
tive antimicrobial;

V. Although Moringa Oleifera seed flour has antimicrobial effects, these effects have
not been found to significantly stop the growth of microbes for long time periods
of detention. To find these, more studies are needed;

VL Finally, further future work should be conducted on the use of products of Moringa
Oleifera seed flour in removing heavy metals from wastewater.
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Nomenclature

CFS Coagulation-Flocculation/Sedimentation

MO Moringa Oleifera

MOS Moringa Oleifera Seeds

WSP Whole Seed Powder

WSMoL The water-soluble Moringa Oleifera lectin

MOC-DW Moringa Oleifera coagulant-distilled water

MOC-SC Moringa Oleifera Coagulant-Sodium Chloride

MOC-5C-pc Moringa Oleifera Coagulant- Sodium Chloride-purified coagulant solution

cMoL coagulant Moringa Oleifera lectin
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