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ARTICLE INFORMATION ABSTRACT

Chemical coagulants and flocculants have been used for decades in
water treatment. However, because of cost issues associated with the
entailment of importation importing of these chemicals, developing
Revised 15 December, 2018 countries were left with no other option than to rely on contaminated
Accepted 19 December, 2018 water for their domestic consumptions. In view of this, some
communities used their ingenuity and successfully employed natural
plant and animal products to purify their water supply. In many
instances, these products were found to achieve comparable water
quality results to that of the conventional chemicals. The aim of this
study was to evaluate some of the different plant genera that have
water treatment b.een. tested in water treatment. Their advantages and setbacks are
Coagulation highlighted. .Most notably, some of thes.,e. natural extracts performed
Seed double functions as a coagulant and as disinfectant. Conversely, several
research works have pointed out that the main drawback of using
natural extract in water treatment is the addition of organic
compounds in the treated water which makes it unfit for human
consumption due to change in taste, color, and odor. This drawback
was, however, overcome in some studies where the materials were
purified to obtain only the coagulant compounds. Therefore, the use of
natural extracts in drinking water treatment would bring relief to many
inhabitants in developing countries in terms of access to clean drinking
water. Additionally, the study recommends further investigation into
disinfecting the treated water with chlorine to assess their disinfectant
by-products (DBPs) formation.
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1.0 Introduction

The growing concern about clean water supply in developing countries has triggered innovative
research to find potential alternatives to chemicals used in conventional water treatment (Jahn,
1986; Diaz et al. 1999; Zhang et al. 2006). Water treatment in any part of the world seeks to
provide the population with clean and safe drinking water, devoid of pathogens (Hyung and Kim,
2009). Access to safe drinking water improves productivity, health and wealth (UN, 2016).
However, this life sustaining commodity is inaccessible in many communities across the globe.
To tackle this challenge, the World Health Organisation (WHO) formulated a programme to
alleviate drinking water supply problems worldwide through the millennium development goals
(MDGs), which stipulated the halving of the population without access to clean drinking water by
the year 2015 (WHO, 2000). To date, over 663 million inhabitants in developing countries, most
of who live in rural areas still lack access to safe and improved drinking water (JMP, 2013, WHO,
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2015). Furthermore, the major problems associated with poor access to clean water are
exacerbated by economic deprivation and social incapacitation of many of the affected countries,
rendering them unable to afford conventional methods of water treatment. In the year 2015,
91% of the world population, approximately 6.6 billion used improved drinking water compared
with 82% in 2000 (UN, 2016). However, despite the progress made in water supply in all region
of the world, coverage was low in Sub-Saharan Africa and Oceania (UN, 2016). Moreover, not all
improved drinking water were properly managed and treated to make it clean because at least
1.8 billion people were exposed to drinking water contaminated with faecal bacteria (UN, 2016).
In order to sustain the current effort on water supply, the United Nation came up with 17 goals,
tagged Sustainable Development Goals (SDG) to sustain and build upon the progress made by
the MDGs by the year 2030. One of the key aspects of the SDG is the implementation of the
Integrated Water Resource Management (IWRM) following the MDG goal 6 to half the
population without clean drinking water by 2015 (UN, 2016). The 2030 SDG agenda (for goal 6)
recognizes the importance of clean drinking water in bringing development in other areas such
as health, education and poverty reduction (UN, 2016). Additionally, the SDG is to address the
water management cycle holistically with more countries facing the challenge of being below
the 25% threshold, which is the first stages of water stress (UN, 2016). To effectively manage the
water crises, there is a need for innovative point-of-use (POU) water treatment in developing
countries (Ghebremichael, et al. 2006). POU is the most cost-effective and straightforward water
treatment technology adopted in ancient civilization by employing natural extracts (Bodlund et
al. 2014). The use of natural extracts of plant origin in water treatment dates back to over 4000
years (Kansal and Kumari, 2014) and as far back as to Sanskrit writings where certain natural
derivatives were used in water treatment. It is also on record in the Old Testament and Roman
archives that the use of natural extracts dates back to 77 AD (Dorea, 2006). Naturally-occurring
materials consist of both animal and plant-based resources. For instance, roasted seed powders
of maize (Zea-mays) and Nirmali were used to treat water by Peruvian soldiers as well as in some
Indian communities (Kansal and Kumari, 2014). In Sudan, rural women used Moringa oleifera
(MO) seed extract to treat their drinking water supply (Jahn and Dirar, 1979, Jahn, 1986).
Therefore, the aim of this paper was to review some of the natural plant extracts that have been
investigated for their viability in addressing the problem of access to clean water supply in
developing countries. This review is based on the application of natural plant-based materials in
water treatment. The main reason for excluding animal-based materials is, however, based on
their applicability, since they are unlikely to be used for mass production due to limited
availability.

2. Coagulation and flocculation mechanisms

Coagulation and flocculation are considered to be the principle behind the treatment of both
water and wastewater in most conventional plants (Gregory, 2005). Coagulation is simply the
process of destabilizing the particles by introducing metal salts to chemically change the
colloidal particles, such that the charge maintaining their stability in the water is overcome by
charge neutralization where the aggregate are smaller and becomes bigger by agglomeration
and are denser (Gregory, 2005). Coagulation mechanism is measured by the rate of
destabilization of the colloidal particles in water. The coagulation process is the first step in a
conventional water treatment which is achieved through destabilization and precipitation
mechanisms, such as surface charge modification, double-layer compression, absorption and
particle bridging (Duan and Gregory, 2003, Gregory, 2009). Flocculation, on the other hand, is a
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slow mixing process (i.e. orthokinetic aggregation) used after the particles are coagulated.
Flocculation process brings together (bridging) the destabilized smaller, micro-flocs resulting
from coagulation into contact with one another to form larger macro-flocs (Klimpel and Hogg,
1986). Flocculation step is crucial and is measured by the rate of collision efficiency between
particles which do not settle and are thus difficult to remove by sedimentation. Floc formation
depends on the collision efficiency (a) between the particles (Gregory, 2005) where the intensity
of mixing is reduced to achieve optimum performance. The five (5) natural extracts reviewed in
this study used in water treatment are as follows:

2.1 Moringa oleifera (MO) seeds

MO is a tropical plant species which belongs to the family known as Moringaceae. MO is
referred to as a multipurpose or multifunctional plant because most of its parts have been found
to be very useful, for instance, it is used in folk medicine and as a primary source of food (Fuglie,
2001). The leaves, stem, roots, shell, seed oil and protein are used in a variety of applications
such as a vegetable in soup, cure of diabetes and lowering of blood pressure in patients,
cooking oil and in the preparation of morning coffee. As such, it is often referred to as being a
'miracle tree' (Fuglie, 2001). MO contains high mineral and protein content and is recommended
to be used to fight malnutrition in developing countries (Ghebremichael, 2004). It is resistant to
drought and is found in abundance in most regions of Africa and Asia. It is thought of being
native to Asian countries and Africa and grows within one year of planting. Many people have
used MO leaves as a source of vegetable in Asia and Africa because of its nutritional values
(Morton, 1991). MO seed oil has been used as machine lubricant and in the cosmetic industry

Figure 1 shows some seeds, leaves and stem of Moringa oleifera

The plant is the most studied natural material in water treatment to date (Jahn, 1986). Jahn and
Dirar (1979) conducted the first study using MO water extract in Sudan as was being prepared
by the people for the removal of turbidity from the Nile River. Significant turbidity removal was
reported compared to that obtain with ash which was also used in many villages in Sudan. In
addition, having seen the potential of MO as a coagulant in water treatment, Jahn (1986) further
studied the quality of water produced using MO water extract. The study observed a change in
taste and colour of the water treated using the extract and also noted an odour is emanating
from the water after 48-hour post treatment. To address the issue of deterioration in water
quality, Jahn (1986) recommended that water treated using MO extract to be consumed within
24 hour treatment. Following these studies, Ndabigengesere et al. (1995) characterized the
active coagulant compound in MO seed using different techniques such as lyophilisation, dialysis,
ultrafiltration, chemical precipitation and electrophoresis. Interestingly, it was observed that the
active agents in MO extract are proteins with a molecular weight of 13kDa and isoelectric point
(IEP) of 10 and 11 (Ghebremichael et al. 2005).

Furthermore, the result of zeta potential measurement of MO extract suspension showed that it

is a cationic polyelectrolyte with surface charge of (+6 mV) and its coagulation mechanism was
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reported to be by adsorption and charge neutralization (Ndabigengesere et al. 1995). In contrast,
Okuda et al. (1999), Okuda et al. (2001a) and Okuda et al. (2001b) improved the extraction
process using NaCl concentration and purified the seeds by dialysis, de-lipidation and ion
exchange. Overall, the studies showed improved coagulation performance of MO using the salt
extract to water extract (in terms of turbidity removal), and the coagulation mechanism was said
to be neither by double-layer compression, interparticle bridging nor by charge neutralization
but by enmeshment of particles (Okuda et al. 2001a). Okuda et al. (2001b) also argued that
protein analysis by Lowry and Bio-Rad methods after dialysis showed negative results and the
polysaccharide concentration analysis also showed zero concentration. Similarly, it was clear that
there was no more lipid after the extraction step. Thus, it is arguable that MO salt extract is
neither a protein, polysaccharide nor lipid, but a polyelectrolyte having single molecular weight
(MW) band as small as three kilo Dalton (3kDa). Conversely, Gassenschmidt et al. (1995)
identified the MW of the purified MO protein in ion exchange column (IEC) as also consisting of
dimeric MW bands of 6.5 and 14 kDa with isoelectric point (IEP) of 11 whereas Ghebremichael et
al. (2005) found the MW of the purified MO protein on a cationic exchanger to be less than 6.5
kDa with IEP greater than 9.6. The slight variation in the protein band with MW around 6.5 kDa
and IEP of (10 and 11, and >9.6) may be due to the different processing methods adopted to
obtain MO protein. Interestingly, Ali et al. (2010) used a high-performance liquid
chromatography method to identify the bioactive MW of the coagulant protein in MO seed. The
result showed that MO protein has MW between 1 and 6.5kDa. Although, many studies (Jahn
1986; Ndabigengesere et al 1995; Ghebremichael et al. 2006) have accepted that the active
agent in MO is a natural cationic protein showing charge neutralization as the main coagulation
mechanism, except that of Okuda et al. (2001b) who revealed that the coagulating compound is
not a cationic protein but a polyelectrolyte. Thus, the results reported by Okuda et al. (2001b)
should be considered because there might be a coagulating agent in MO with such property.

An assessment of the quality of treated water by Ndabigengesere and Narasiah (1998a) using
both dry shelled and non-shelled MO in a jar test experiment showed that the concentration of
organic load in treated water increased significantly at higher dosage with no change in water
pH, alkalinity and conductivity in treated water with small sludge volume production. These
results were considered to be an advantage compared with the application of aluminium
sulphate (AS) in water treatment. It is noteworthy that all the purified protein reported showed
high coagulation performance in a jar test experiments compared with the crude samples under
different laboratory conditions due to increased adsorption (Okuda et al., 2001b, Ghebremichael
et al., 2005, Ghebremichael et al., 2006, Sanchez-Martin et al., 2010, Ali et al., 2010). The studies
also indicated that the issue of organic nutrients addition in treated water was eliminated and
showing dissolved organic carbon (DOC) removal in water and the pH remained unaffected.
Similarly, both Muyibi et al. (2002) and Pritchard et al. (2009) used MO seed obtain from Nigeria
and Malawi in treating turbidity in pond water in Kano-Nigeria and in a shallow well in Malawi
which achieved between 92 —99% turbidity removals. The findings from these studies showed
no significant variation in MO extracts performance in respective to region.

Muyibi and Evison (1995a) and Muyibi and Evison (1995b) optimized physical parameters in
kaolin water and also investigated the softening potential of hardness in waters using MO
extracted with de-ionise (DI) in synthetic water spiked with calcium chloride, naturally hard
surface water and groundwater in Newcastle Upon Tyne. The results observed higher coagulant
dose demand in high turbidity water with increased rapid and slow mix velocity gradient and
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time compared with optimization of low turbidity water. Similarly, in the case of hard water, it
was observed that calcium hardness softened faster with an increased in MO dosage while pH
showed no effect on hardness removal. In addition, a reduction of over 27% in alkalinity of the
groundwater was observed, thus presenting another advantage in using MO over AS as a
coagulant. In synthetic wastewater treatment, Ndabigengesere and Narasiah (1998b) showed
excellent removal of lead from contaminated synthetic water using shelled and unshelled MO
extracts due to the formation of natural organic matter (NOM) complexes with lead. The
performance of the stored MO extracts and raw seed in low medium and high turbidity water
(50, 100-200 and 200-300 NTU) were assessed by Katayon et al. (2004) who stored MO extract
suspension at room temperature of 3 and 28 °C for 1, 3, 5 and 7 days and Katayon et al. (2006)
who again stored the raw seeds at 3 and 28 °C for between 3 and 5 months respectively.
Maximum turbidity removal of 92.3% was observed in 300 NTU compared with between 73-86%
in the (50-100 NTU) water using sample which had been stored for one day while maximum
performance of 14 and 3% was recorded with crude extract stored for 5 and 7 days respectively.
In addition, performance decreased with storage where seeds which had been stored for 1
month out performed those stored for up to 5 months in high turbidity water. Interestingly, the
efficiency of MO seed was found to be independent of temperature condition.

Aside its turbidity removal potential, Madsen et al. (1987) investigated the traditional method of
water purification in Sudanese village at 30 °C using MO extract to remove turbidity, faecal
coliform and other enteric bacteria. A turbidity reduction of between 80-99% was observed with
a 1-4 Log removal of bacteria. After 24-h post treatment, a regrowth of secondary bacteria such
as Salmonella typhimurium, Shigellasonnei and E-coli were witnessed whereas Vibrio cholerae,
Streptococcus faecalis and Clostridium perfringens remain totally inhibited. Later,
Ndabigengesere and Narasiah (1998b) investigated the efficacy of shelled and non-shelled MO
seed, and AS in treating two samples each from municipal and industrial waste water from
Magog Canada. Both shelled, non-shelled and AS application resulted in considerable reduction
in total coliform count from 35000 to 3000 for total coliform and 21000 to 1800 for faecal
coliform per 100 ml. However, after resuspension of the sludge, a regrowth of both total and
faecal coliform was witnessed, suggesting that the microorganisms were not inactivated but
lived in the sludge. Hence, the claim that MO extract could inactivate pathogen in water by some
authors is not in agreement with this study. Conversely, Ghebremichael et al. (2005) reported an
antimicrobial activity of 1.1-4 Log removal of E-coli (D31 and K12) and B. thuringiensis (Bt7, Bt75)
and P. aeruginosawhen purified MO protein was obtain on an IEC. Furthermore, some studies
have shown that the coagulation compound in MO extract is a water-soluble protein capable of
removing total coliform and E-coli in natural pond water (Anwar et al., 2007, Pritchard et al.,
2010). Recently, da Conceicao et al. (2015) used MO DI water extract to obtain a result that was
compliant with Brazilian drinking water standards in fluoride-polluted groundwater. The
importance of MO was further demonstrated by Petersen et al. (2016) who showed the potential
of MO extract to successfully eliminate Cryptosporidium parvum oocysts in waste water
intended for irrigation farming.

As reported in the preceding sections, the main setback of using MO extracts is the continuous
increase organic compounds into the treated water (Okuda et al., 2001b, Ghebremichael et al.,
2006, Marobhe et al., 2007) leading to a change in colour, taste and odour. Following this
setback, purification of crude MO seed to address this change yielded positive results where only
the coagulant MO protein was obtained (Ghebremichael et al., 2006, Ali et al., 2010, Sanchez-
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Martin et al., 2010). Interestingly, the two-step purification of MO proteins using 0.3 and 0.6 M
NaCl concentrations significantly reduced residual DOC in treated water (Sanchez-Martin et al.,
2010). This is advantageous because any issue related to disinfection by-product (DBP)
formation would have been taken care of if the final water is recommended to be disinfected
using chlorine. In contrast, there are limited studies on the application of MO extract in waste
water treatment and sludge dewatering ability. Assessment of possible DBP formation should be
done to understand if MO could release natural organic compounds that could exacerbate this
challenge.

2.2 Cactus Mucilage

Cactus is an indigenous plant grown in many arid and semiarid regions of the world (Saenz et al.,
2004) and is a member of Cactaceae family as shown in Figure 2 with many species in Central
America (Shilpaa et al,, 2012). The Opuntia species is well-known as a primary source of mucilage
substances similar to that of Okra (OK) (Saenz et al., 2004, Miller et al., 2008). The mucilage
contains compounds such as L-rhamnose, D-galactose, L-arabinose, D-galactose and some
other compounds such as galacturonic acid (Saenz et al, 2004, Yin, 2010). Cactus is also
medicinal and has been used in the treatment of several ailments by native herbalists (Yin, 2010).

Figure 2 A Cactus pad prickly pear type used as coagulant. (Source: Alamy stock photo site)

Because of the presence of water-soluble mucilage in Cactus latifaria pad, Diaz et al. (1999)
prepared 5% w/v suspension in water which was initially extracted with methanol to remove the
polar substances in the cactus pad. The jar test results conducted on 20—200 NTU synthetic
water show that in all the turbid water tested, between 10-20 mg/| dose was the optimum to
achieve residual turbidity of less than 10 NTU. Furthermore, Diaz et al. (1999) compared and
observed the performance of Cactus latifaria in water treatment with that of AS and MO to be
similar although the required dose of AS was higher, yet turbidity removal efficiency was the
same. In addition, the methanol-treated solid from Cactus latifaria was tested for coagulation
which did not show any difference with the non-treated solids, thus indicating the use of solvent
to remove polar substances could only incur additional cost and offer no advantage in terms of
performance. Cactus latifaria contain about 11.6% protein (Diaz et al., 1999). Furthermore, Zhang
et al. (2006) used water extract of Cactus Opuntia species in a jar test experiment to test for
turbidity, alkalinity and effect of change in pH of the water on its performance. Turbidity removal
was 94% in 200 NTU water using an optimum dose of 50 mg/l higher than that reported by
(Diaz et al., 1999). However, at optimum pH (pH at which maximum turbidity removal was
achieved) of 10, Zhang et al. (2006) demonstrated low performance of Cactus Opuntia in 10°C
than in 35°C water although the difference was not much. The effect of turbidity removal on
alkalinity in water treated with Cactus Opuntia also showed increase in turbidity removal resulted
in increased final water alkalinity and Zhang et al. (2006) suggested that the presence of some
ions in the sample affected the coagulation process. However, this study indicated that the
performance of Cactus Opuntia species was similar to that of AS and MO extract in water
treatment (Zhang et al., 2006) but the impact of ions in the sample need a serious evaluation.
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Further study was conducted by Miller et al. (2008) using Cactus Opuntia species in kaolin
suspension at pH of 10. Turbidity removal was reported to be 98% in 162 —200 NTU water
ranges (Miller et al., 2008). Although Opuntia spp.is ananionic compound with iso-electric point
(IEP) of 2, the coagulation mechanism is mainly by adsorption and bridging as observed from
the microscopic image of flocs formed and zeta potential measurement (Miller et al., 2008).
Furthermore, these studies indicated that the mucilaginous substance obtained from Cactus
(Opuntia and latifaria) is a strong water treatment candidate (Diaz et al., 1999, Miller et al., 2008,
Yin, 2010, Zhang et al., 2006). The presence of galacturonic acid and protein in the cactus pad
was found to be responsible for the coagulation process which achieved significant turbidity
removal in water (Diaz et al., 1999, Miller et al., 2008). In the tropics, Cactus plant could be a
useful alternative to the traditional coagulant currently in use. Shilpaa et al. (2012) also evaluated
the potential of powder Opuntia ficus indica in a jar test experiment using synthetic water. At 20
mg/l, Cactus Opuntia mucilage reduced the turbidity from 500 to 1.3 NTU, approximately 99.8%
reduction. In waste water treatment, Nharingo et al. (2015) revealed that Cactus fiscus indica
water extract contains a bio-flocculent capable which removed 100 % of Pb and 85.74 % of zinc
(Zn) in a waste water sample. In addition, Cactus extract achieved 84.16 % removal of Cd and
93.02 % of copper (Cu) in Zimbabwean River (Nharingo et al.,, 2015).

Overall, all the studies indicated the water treatment potential of Cactus plant species at smaller
coagulant dosage compared with AS and other natural coagulants. Investigation of its toxic
effect has not been conducted as it is not a primary source of food. Thus its application in
drinking water needs to be carefully evaluated. Also, there has not been any detailed study
regarding the effect of natural organic matter (NOM) addition and the application of its purified
form in water treatment processes, this also needs further evaluation.

2.3 Nirmali extract

The plant Nirmali (Strychnos potatorum), Linn, is a plant belonging to the Loganiaceae family as
shown in Figure 3 (Jayaram et al., 2009). Nirmali seed extract is used extensively in folk medicine
in many parts of India and Sri Lanka (Jayaram et al., 2009). Literature has shown that the first
ground seed powder was investigated as water treatment coagulant by Sen and Bulusu (1962)
who attributed the removal of turbidity due to the presence of an anionic polyelectrolytes and
protein.

Figure 3 some seeds of Nirmali used in water treatment (Source: Alamy stock photo site)
Similarly, Tripathi et al. (1976) observed that the coagulation potential of Nirmali seed extract
was due to the presence of carbohydrates and alkaloids having a —COOH — group with free
OH — which significantly improved its turbidity removal performance. Adinolfi et al. (1994) also
investigated the combination of polysaccharide and galactan extracts from the ground powder
of Nirmali seed to achieve a turbidity removal of 80% in synthetic kaolin water. In addition,
Raghuwanshi et al. (2002) conducted some analysis on 20 agro-based coagulants and observed
that with 3 mg/l dose of Nirmali seed extract as a coagulant aid in combination with AS, the
dosage of AS was reduced from 45 mg/l to 25 mg/L, achieving residual turbidity of less than 0.2
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NTU. The volume of sludge produced after the experiment was found to be 40% lower
compared with the volume of sludge produced using AS as a primary coagulant. Similarly,
Sowmeyan et al. (2011) had shown that 80% of the turbidity in 32 NTU water was removed using
Nirmali seed extract. It is clear from these results that Nirmali seed possesses some water
treatment potential even though the number of studies conducted so far is limited to turbidity
removal and sludge volume production.

However, further study was conducted by Jayaram et al. (2009) who evaluated the use of the
Nirmali seed powder for the removal of heavy metal waste water using a batch mode adsorption
experiments at varying pH and contact time. The study observed that the removal of Pb was
highly affected by pH, contact time, biomass dose and metal concentration and its adsorption
ability was 16.4 mg/g. The Fourier transform infrared (FTIR) spectroscopy analysis showed the
adsorption process of the extract was due to the presence of many functional groups (Jayaram
et al, 2009). It is noteworthy that at present there is little information with regard to NOM
addition and the effect of OH groups along galactomannan and that of galactan chains which
were said to ultimately lead to abundant adsorption sites for interparticle bridging (Yin, 2010)
using Nirmali extract.

2.4 Common bean seed

Common bean belongs to the genus and species of (Phaseolus vulgaris) Figure 4. It is a good
source of protein and carbohydrate and highly consumed in Latin American and African
countries (de Almeida Costa et al., 2006). The protein contents in raw and freeze-dried cooked
Common bean sample was reported to be between 20.9 and 22.1% whereas the carbohydrate
component is 54.3 and 59.9% respectively (de Almeida Costa et al., 2006).

Figure 4 Some seeds of Common bean used as coagulant in water treatment. (Source: Alamy
stock photo site)

Similarly, Sciban et al. (2006) had shown that the protein content in Common bean seed is
between 20 and 30% while Gunaratna et al. (2007) and Marobhe et al. (2007) identified the
protein compounds to be cationic after purification on a cationic IEC, which is capable of
removing turbidity in water. Common bean extract have low sugar contents, phenolic and phytic
acid and the IEP was obtained by measuring the zeta potential at varying pH and the point with
zero zeta potential (i.e. pH 3.61) regarded as its IEP (KukiC et al., 2011). An important analysis by
SDS-PAGE was conducted by Montoya et al. (2008) on the coagulant protein from Common
bean to identify its MW. The MW was then identified as being a dimeric protein with MW of
approximately 20 and 50 kDa. In contrast, Morales - de Ledn et al. (2007) observed in a separate
SDS-PAGE analysis that the IEP is 4.5 and two MW proteins present in Common bean are 26 and
49 kDa. It is notable, however, that both the IEP and MW of Common bean seed are different
from that of MO seed and may likely present some unique activities. However, similar
assessment was made on the concentration of protein in Common bean seed by Antov et al.
(2010) who observed an equivalent concentration of 0.51 mg/ml in the seed, and this support
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the fact that Common bean is a popular food amongst the Brazilian population for a long time
(de Almeida Costa et al, 2006). The presence of high protein contents in Common bean has
resulted in innovative researches into the coagulation potential of its extract because several
studies using natural extracts indicated protein as a coagulant compound (Ndabigengesere et al,,
1995, Ghebremichael et al.,, 2006, Bodlund et al., 2014).

Common been has been investigated for its suitability in water treatment by Sciban et al. (2005)
who reported higher turbidity removal of the extract at pH above 10 and in low turbidity water
of 18 NTU. However, this result is not in agreement with previous studies who observed poor
performance of natural extracts in low turbidity water (Ndabigengesere et al., 1995; Katayon et
al., 2006). This is a useful property that gives it a unique advantage over other extracts. However,
considering the impact of NOM in treated water, Sciban et al. (2006) and Antov et al. (2010)
performed partial purification of the protein using ammonium sulphate, desalting, dialysis and
ion exchange (IEX) and elution with sodium chloride (NaCl) solution. The results showed a good
turbidity removal efficiency of 72.3% in 35 NTU water which was 22 times higher than the
performance of the crude DI water extract at a dose of 0.73 mg/I. Similarly, the purified sample
produced organic matter concentration of 0.35 compared with 5.9 mg of crude extract treated
water from 2.3 mg/l. This finding agrees with the results obtained by some authors who using
MO extracts (Gassenschmidt et al., 1995, Ghebremichael et al., 2005, Sanchez-Martin et al., 2012)
who observed greater adsorption ability and reduced NOM in treated water. Additionally, the
purification of Common bean did not require lipid extraction because it does not have lipid
which is advantageous. The challenge of possible floc formation being inhibited through surface
coating as indicated with other extracts is also eliminated in Common bean (Ali et al., 2010).
Sciban et al. (2006) further observed that, precipitation and desalting by dialysis of the samples
eluted with 0.5, 1.0, 1.5 and 2.0 M NaCl solutions presented different coagulation mechanisms.
Such observation suggests that there may be different protein in the various fractions with
varying coagulation potential. Identification and characterisation of these proteins would give a
clearer understanding of fraction with higher activity. With an average of 50 grams of the extract,
20 L of turbid water was treated, achieving 90% turbidity removal. However, coagulant protein
from common bean obtained by ultrafiltration of the crudes extract produced lower turbidity
removal of 49% compared with 51% achieved with the crude sample (Antov et al, 2012). In
terms of extraction time, Kukic et al. (2011) reported that 10 min is sufficient to extract coagulant
protein from Common bean compared with 3hrs using a magnetic stirrer which would save time
used in processing the extract.

Beside the coagulation ability of the Common bean species, the antimicrobial compounds in the
seed has been reported elsewhere (Amarowicz et al., 2008). Tannin extracted from Common
bean was compared with a conventional drug, streptomycin in bacterial inhibition. The minimum
inhibitory concentration (MIC) of bacteria with tannin were 125 pg/ml for Listeria
monocytogenes, Salmonella Typhimurium and Lactobacillus plantarum while streptomycin
achieved only 31.3 and 7.8 pg/ml MIC for Salmonella Typhimurium and Lactobacillus plantarum
respectively (Amarowicz et al., 2008).

2.5 Luffa cylindrica extract

Luffa cylindrica is a member of (Cucurbitaceouse) family which is in abundance in many tropical
countries Figure 5, such as Asia, Africa and the United State (Partap et al., 2012). It is spongy and
commonly called sponge gourd, mainly used by local people in washing their body and cleaning
of cooking utensils. Luffa cylindrical has a cellulose structure which is negatively charged when in
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contact with water (Shahidi et al., 2015a). The immature fruit is eaten raw as it contains
compounds such as lavonoids and ribosome-inactivation protein (RIP) used in traditional
medicine (Anbukarasi and Kalaiselvam, 2015).

[

Figure 5 A bunch of Luffa cylindrica used in water treatment. (Source: Alamy stock photo site)

Similarly, Bhattarai (1989) has reported that one of the most used natural extract among Nepal
population is the seed of luffa cylindrical. In addition, the importance of luffa cylindrical has been
reported in a study by Ruiz-Marin et al. (2009) who investigated the removal of nutrients and
organic matter in a bioreactor supported with Luffa cylindrical fibre. The results showed that
Luffa cylindrical improved biofilm development as a support material. It recorded a significant
removal of biochemical oxygen demand of 92.5% compared with 80% obtained with PVC as a
support material (Ruiz-Marin et al., 2009). The study further observed that, in the final effluent
the mean ammonia nitrogen concentration was 17 mg/| for Luffa cylindrical and 19 mg/| for PVC
support respectively (Ruiz-Marin et al., 2009). Though, the study of luffa cylindrical is new, one of
the first known optimization study using a jar test apparatus was conducted by Sowmeyan et al.
(2011) on different natural extracts including luffa cylindrical and AS as primary coagulants.
While several authors followed through aqueous extracting processes by washing using tap
water, Sowmeyan et al. (2011) used formaldehyde for the washing of the seeds. The reason for
using this chemical instead of water is because it is efficient in the washing and cleaning of dust
and debris on any substance. Interestingly, Luffa cylindrical achieved maximum turbidity and
hardness removal of approximately 86 and 40% respectively. However, a reaction between the
extract and chloride in water causes a reduction of up to 7.6% in chloride concentration at
optimum dose of 8g/l of the extract (Sowmeyan et al., 2011). Thus, the application of luffa
cylindrica in water treatment may pose some challenges if chlorine is used as disinfectant
because it will consume the available residual chlorine in the treated water. Additionally, as with
the other natural coagulants, Luffa cylindrical also achieved 60% removal of total dissolved solid
(TDS) in water treatment (Sowmeyan et al., 2011).

Furthermore, the anionic nature of Luffa cylindrical made it an active extract for the removal of
cationic metals in waste water (Anbukarasi and Kalaiselvam, 2015) in the form of Luffa fibre.
Anbukarasi and Kalaiselvam (2015) investigated the water adsorption potential of composite
particle fibre and showed a significant performance than the non-treated sample which can be
used in damp site. In a very important test in water purification, Shahidi et al. (2015b) performed
some batch adsorption tests using Luffa cylindrica fibre as a natural adsorbent for the removal of
Cadmium (Cd) (Il). The results indicated that a high possibility of using Luffa for the removal of
Cd (I) in water with adsorption capacity of 6.7 mg/g. However, cadmium removal was observed
to be highly dependent on solution pH, dosage and Cd (Il) concentration.

Because of the presence of antioxidants such as saponin, RIP, phenolic compounds etc. direct
application of Luffa cylindrical extracts against E-coli and many other bacteria is reported
elsewhere (Oyetayo et al., 2007). Shaheed et al. (2009) evaluated the potential of luffa cylindrica
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fruit and seed between 40 and 333g/I as a disinfectant against total and faecal coliform in water
treatment using a contact time from 15-180 min. The results showed that the inhibition of the
two indicator organisms was variable and dose dependent with a maximum performance of 86%
at 180 min for faecal bacteria. Although the overall results revealed some disinfection ability in
luffa plant, the performance did not achieve the WHO standard for drinking water quality.
Similarly, the limited results conducted using the extract as a coagulant is not sufficient to judge
its potential in water treatment which requires more studies.

3. Conclusion

Coagulation and flocculation are the first step in conventional water treatment. It is a major unit
operation which is straightforward with regard to potable water production. Several natural
extracts as reviewed contain coagulating compounds that could compete effectively with the
inorganic ones. They have potential to be used as either primary coagulants or as coagulant aids
in water treatment. In most cases, destabilisation of the colloidal particles in water was achieved
or induced through charge neutralisation and bridging action resulting in low sludge volume.
Interestingly, while many studies have been conducted to assess their turbidity and bacterial
removal efficiency, production/processing of such products in commercial quantity are yet to
commence. However, it is noteworthy that apart from MO, most of those plants presented have
limited information although they have been tested in water treatment in one form or the other.
Some of the few natural plant-based extracts that have been used in water treatment are at this
moment presented: However, it is noteworthy that most research work used a batch test in a
series of jar tester to evaluates their coagulation and flocculation performance.

Additionally, there is still the need to conduct some studies especially with regards to
disinfection by-product (DBP) formation precursor. Possibility of its industrial application should
also be encouraged further in order to provide local communities in developing countries with
cheaper access to potable water supply. It is also important to characterise natural extract to
properly understand the main agents responsible for coagulation by different naturally-
occurring extracts.
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