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Abstract This study gives an overview of the application of an indigenous, naturally derived coagulant obtained from
seeds of the multi-purpose tree M. oleifera in Khartoum province tap water. M. oleifera seeds kernels were crushed and a
stock solution was prepared using distilled water. Different concentrations (150, 350, 750, 950, 1150 mg/L) were prepared
fromthis stock solution to be used as coagulants at different time intervals. The seeds kernels were also extracted using 80%
methanol. Antibacterial effects of aqueous and methanol extracts were tested against Pseudomonas aeruginosa, Escherichia
coli and Entrococcus faecalis. Pseudomonas aeruginosa bacteria which showed sensitivity towards four concentrations of M.
oleifera seeds suspensions, three of which were significant[750 mg/L (16 mm), 950 mg/L (14 mm), 1150 mg/L (13 mm)]. E.
coli was inhibited significantly at 1150 mg/L (23 mm). Entrococcus faecalis was not inhibited by none of the concentrations.
M. oleifera seeds methanolic extract was not active against any ofthe tested bacteria at the concentration of 1 mg/ml. Seeds of
M. oleifera reduced tap water turbidity in the range of 87 — 95 % at different concentrations after 15 minutes. Turbidity of tap
water tested was best reduced up to 0.6 FTU (95 %) after 15 minutes application of M. oleifera seeds suspension at the

concentration of 950 mg/L.

Keywords

Moringa, Antibacterial Effects, Methanol Extracts, Turbidity

1. Introduction

Moringa oleifera Lam. (Moringa) is the most widely
cultivated species of a monogeneric family, the Moringaceae
[1]. Tt is a tree native to India and cultivated in all
sub-tropical areas. This tropical multipurpose fast growing
tree is resistant to drought. Moringa is naturalized in
Tanzania, Nicaragua, Malawi, Brazil, Niger, Indonesia and
Senegal (Optima of Africa, Ltd.) In Sudan, Jahn and Dirar[2]
reported That ground seed powder has traditionally been
used for the clarification of turbid drinking water in rural
area of Sudan.

Currently drinking water sanitary practices depends on a
number of chemical compounds, such as chlorine, fluoride,
ozone and polyacrymides used as disinfection and/or
coagulant agents[3]. Beside the economic and environ mental
drawback, chemical water treatment such as metal salts,
synthetic polymers, chlorine formulation have negative
impact on human health[4]

The use ofnatural materials of plant origin to clarify turbid
water is not a new idea For example, Fashey[5] reported that
specific components of Moringa preparations that have been
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reported to have hypotensive, anticancer, and antibacterial
activity include 4-(4-O-acetyl-a-L-rhamnopyranosyloxy)
benzyl isothiocyanate[l], 4-(a-L-rhammopyranosyloxy)
benzyl isothiocyanate[2], niazimicin[3], pterygospermin[4],
benzyl isothiocyanate[5], and 4-(a-L-rhamnopyranosyloxy)
benzyl glucosinolate[6]. Among all the plant materials that
have been tested over the years, the seeds from M. oleifera
have been shown to be one of the most effective as a primary
coagulant for water treatment and can be compared to those
as of alum (conventional chemical coagulant). Moringa has a
direct impact on health nutrition, agriculture, water,
sanitation, biodiversity and environment.

There is an interest from entrepreneurs for the miracle tree
because all its parts are used for nutritional and
pharmacological properties but also to purify and clear water
Fuglie[6]. This tree has in recent times been advocated as an
outstanding indigenous source of highly digestible protein,
Ca, Fe, Vitamin C and carotenoids suitable for utilization in
many of the so called “developing” regions of the world
where undernourishment is a major concern. M. oleifera
seeds contain high quality edible oil (up to 40% by weight)
and water soluble proteins that act as effective coagulants for
water and wastewater treat ment.

Water purification and reduction of water borne diseases
is a major public health goal and is the main objective of this
study. In the present study M. oleifera seeds was used in
direct filtration of tap water in Khartoum and evaluated for
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their efficiency in removing turbidity and microorganisms
from water. The study was laboratory based using an actual
tap water.

2. Materials and Methods

2.1. Preparation of Moringa oleifera Seed Suspensions
and Extracts

Moringa oleifera seeds used were collected from the
faculty of Agriculture University of Khartoum, 2009. The
seed wings were removed and the kernels were ground to a
fine powder using domestic food blender. Two grams (2g) of
the seeds powder were extracted using 200ml distilled water
by blending for 30s. The resulting suspension was filtered
through a muslin cloth and the filtrate was made up to
(500ml) to give a stock solution of approx (4000mg/L). The
solution was always prepared fresh for use and when needed,
since deterioration sets in if stored for more than two day at
room temperature. Different concentrations were prepared
according to Muyibi and Evison[7] (Table 1) fromthis stock
solution and were used for antibacterial and turbidity
assessments.

Fifteen g of air dried course ground seeds of M. oleifera
were extracted by using 80% methanol. Extract was obtained
by removing the solvent using rotary evaporation. Extract
obtained was subjected to further biological assay.

Table 1. Softeningoftap water with Moringa oleifera seeds

Volume (ml) corresponding

M. oleifera seeds . R
to this concentration from

Final pH

dosage mglL stock solution (4000mg/L)

0 0 734
150 19 728
350 44 726
750 94 72
950 119 7.16
1150 144 7.12

2.2. Treated Water

Water treated was obtained from the Commission for
Biotechnology and Genetic Engineering, National Center for
Research, Khartoumtap water source.

2.3. Testing for the Antibacterial Activity

Acgar diffusion method was performed following Kavangh
(1972)[ 8] with some modifications was used for Testing for
the antibacterial activity of Moringa. 0.2 ml of the
standardized bacterial stock suspension were mixed with 20
ml of sterile nutrient agar and poured into sterile Petri dish,
the agar left at room temperature to dry. 4 cups (10 mm in
diameter) were cut using cork borer and agar discs were
removed. Cups were filled with 0.1 ml of the different
Moringa seeds extract concentrations in a separate petri dish
(Table 1), three replicates for each extract for each testing
organisms (Escherichia coli, Pseudomonas aeruginosa, and
Entrococcus faecalis). The extracts left to diffuse for two
hours, and then the plates incubated in the upright position at

37°C for 18 hours. After incubation the diameter of the
inhibition zone was measured the mean value was taken.
Positive control for each solvent was carried out to know the
activity of the different solvents.

2.4. Turbidity Assessment

Turbidity measurement was performed following the
method of Myuibi and Evison (1995)[9]. Moringa seeds
concentrations used are presented in Table (1). Hunna
instrument (H193703) was used to assess turbidity in treated
and non-treated tap water. The instrument has been designed
according to the ISO 7027 international standard, the
turbidity measurement units is (FTU) (Formazine Turbidity
Unit). FTU is identical to the other internationally
recognized unit (NTU) (Wephelometric Turbidity Unit). The
six concentrations of moringa seeds were used at different
time's intervals to assess its ability to coagulant tap water.
Turbidity readings were taken at three times intervals i.e.
after /4 2 -and one hour using (Hanna instruments H193703,
Italy). pH of tap water was measured before and after
dissolving each concentrate in 1L of it.

3. Results and Discussion

3.1. Antibacterial Effect of M. oleifera Seeds

The results of the different Moringa oleifera extract
concentrations are presented in Table (2) and Fig. (1). M.
oleifera seeds extracts which possessed > 13 mm inhibition
zones were considered to be active. Pesudemonas
aevregmosa bacteria showed sensitivity towards four
concentrations of M. oleifera seeds suspensions three of
which were significant[750 mg/L (16 mm), 950 mg/L (14
mm), 1150 mg/L (13 mm)]. E. coli was inhibited
significantly at 1150 mg/L (23 mm). Enterococcus faecalis
was not inhibited by the seeds suspension. M. oleifera seeds
methanol extract was not active against any of the tested
bacteria at the concentration of 1 mg/ml. Similar results were
obtained by Saadabi and Abuzaid[10]; concluding that all
concentrations obtained by petroleum seed extract of M.
oliefera (from Sudan) were found to be inactive compared to
the aqueous extract. The inactivity of petroleum ether seed
extract may be due to the fact that the active compounds
possessing antimicrobial activities are polar in nature, not
possibly extracted by petroleumether[11] According to Elert
et. al.,[12] as a general rule, plant seed extract are considered
active against both fungi and bacteria. Saadabi and
Abuzaid[10] also concluded that aqueous extract of moinga
seeds showed very strong and superior anti-microbial
activity especially against Gram positive bacteria
Staphylococcus aures and Bacillus subtilis. However, Boyed
and Beveridge[4] the anti-microbial activity of Moringa seed
extract might be due to to th presence of lipophilic
compounds that might bind within or internal to sytoplasmic
membrane when the zone of inhibition is greater than 6 mm.
Then using Moringa as sanitation process meets the needs
for water treatment in developing countries, as it is simple,
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Table 2. The effect of Moringa oleifera seeds different extracts and concentrations on different pathogenic bacteria intap water

Measurement of inhibition zones

Extracts concentrations diameter (mm) of bacteria (MIZD)
PA EC EF
Aqueous Suspensions (mg/L)
0 0 0 0
150 0.0 0.0 0.0
350 10 00 00
750 16 00 0.0
950 14 0.0 0.0
1150 13 23 0.0
MeOH Ext.
1 mg/ml 0 0 0
*P.A= Pseudomonas aevregmosa; E.c = Escherichia coli; E.f= Enterococcus faecalis
* MeOH Ext. = Methanol extract , Aq. = aqueous
* MIZD (mm): >18 mm = Sensitive; 13 — 18 mm = Intermediate; <13 mm = Resistant
40 -
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2 25 -
=
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= 20
=
s
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Figure 1. Assessment oftap water turbidity using different M. oleifera seeds concentrations and time intervals

3.2. Turbidity Assessment

Table 3. Assessment of tap water turbidity using different M. oleifera seeds concentrations and time intervals

Seeds concentrations

Corresponding volume

Turbidity after T urbidity

Tubidity after T urbidity

Tubidity after

(mg/L) from stock solution pH (2 hour) FTU  reduction (%) (2 hour) FTU  reduction (%) (1 hour) FTU
0 0 734 11.01 12.04 19.37
150 19 728 140 87 133 90 33.81
350 44 726 093 92 136 90 26.29
750 94 72 0.76 94 1.75 86 24.98
950 119 7.16 0.60 95 1.13 91 35.73
1150 144 7.12 0.83 93 1.63 87 27.36

FTU = Formazine Turbidity Unit
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The results ofresidual turbidity are shown in Table (3) and
Fig. (1). Seeds of M. oleifera reduced tap water turbidity in
the range of 87 — 95 % at different concentrations after %
hour. Turbidity of tap water tested was best reduced up to 0.6
FTU (95 %) after Y hour application of Moringa seeds
suspension at the concentration of 950 mg/L. This result
mimics the results which we obtained from previous
researchers who documented 80-99 % turbidity removal by
M. oleifera seeds as primary coagulant both for raw waters
and synthetics turbid waters[7][9]. The seed kernels of
moringa contain significant quantities of a series of low
mo lecular weight, water-soluble proteins which, in solution,
carry an overall positive charge. The proteins are considered
to act similarly to synthetic, positively charged polymer
coagulants. Amino acid analysis and sequencing of M.
oleifera showed high contents of glutamine, arginine and
proline as well as total of other 60 residues[13]. Additionally,
the crushed seeds of Moringa trees (Moringa oleifera Lam.
and Moringa ieregrina (Forssk.) Fiori) were found to be a
promising coagulant to use for muddy water from rivers or
intermittent streams (khours) during the rainy season or
turbid water from natural rain ponds and from artificial rain
water catchments (hafirs) during most of the year in Sudan
(Jahn and Dirar)[2].

However, Muyibi and Okufu[9] found that M. oleifera
might not be an efficient coagulant for low turbidity. They
documented that the residual turbidity of samples increased
with the decrease in initial turbidity at optimum dosage of M.
oleifera. They achieved only 50% turbidity removal for low
turbidity surface waters (23-90 NTU). Contrary to the
conclusion of Okuda et al.,[14], that the use of M. oleifera
for drinking water treatment may not be appropriate, our
results confirms that the use of Moringa seeds as natural
coagulants for tap water removes turbidity up to 95 %.
Comparing with other results using natural and synthetic
coagulants the average most probable number (MPN)
reductions in turbidity obtained with M. oleifera seeds,
maize and chitosan were 97.35%, 95.4% and 87.1%
respectively, whereas, with alum it was only 7.7%, (Mandloi,
et al.,)[15]. At the same concentration (950 mg/L) and after
% an hour the turbidity increased slightly (1.13 FTU). After
an hour the turbidity increased in the range of 19 — 35 FTU
(31 — 89%). Finally, M. oleifera is a non toxic (Kavitha, et
al.)[16] ie. it could be used as a safe natural organic
polymer coagulant. However, an extract from moringa seeds
is principally a low molecular proteins which is the main
effective coagulant agent used for water treatment[ 14].

4. Conclusions

M. oleifera offers an alternative solution to the use of
expensive chemical coagulants. The experiments with these
natural coagulants gave filtered water turbidity less than or
almost equal to 1NTU and thereby met the turbidity criteria
for drinking water as per WHO guidelines. Turbidity of tap
water tested was best reduced up to 0.6 FTU (95 %) after 15

minutes application of Moringa seeds suspension at the
concentration of 950 mg/L. At this concentration the
antimicrobial activity against important human pathogens
was also significant. Moringa, therefore, could be regarded
as one of'the remedy to reduce the incidence of water borne
disease causes leading to high incidence of death in the
developing world.

ACKNOWLEDGEMENTS

The authors express their thanks to all who supported and
encouraged this work especially members of National Centre
for Research, Ministry of Science and Technology,
Khartoum, Sudan.

REFRENCES

[1] Fuglie, L.J. (1999). The Miracle Tree: Moringa oleifera:
Natural Nutrition for the Tropics. Church World Service,
Dakar. 68 pp.; revised in 2001 and published as The Miracle
Tree: The Multiple Attributes of M oringa, 172 pp.

[2] Jahn S.A. and Dirar H.(1979). Studies on Natural Water
Coagulants in the Sudan, with Special Reference to Moringa

Oleifera Seeds. South African water research commission, 5
(2):90 - 95.

[3] ADWG(2009/2010)Australian Dirking Water Guidelines.
Chapter -8- (nhmrc.pup lications@nhmrc.gov.au)

[4] Bove, F. Shim,Y. and Zeitz, L(2002) Driking water
contamination and adverse pregnancy outcome: a review .
Environmental Health Perspective 110 (1) 61-74.

[S] Fashey J.W.( 2005 ) Maringa Oleifera :A Review OF the
Mediical Evidence for Its Nutritional, Therapeutic, and
Prophylactic Properties. Part 1. Trees for Life Journal 2005,
1:5-20

[6] Fuglie, L.J. (2001).The Miracle Tree. The Multiple Attributes
of Moringa. Technical centre for Agricultural and Rural
cooperation.

[71 Muyibi, S.A. and Evison, L.M. (1996). Coagulation of turbid
water and softening of hard water with Moringa oleifera

seeds. International journal of Environmental studies, 56:
483-495.

[8] Kavangh, F. (1972). Analytical microbiology vol.l1,
Academic press, New York, and London p11

[91 Muyibi, S.A. and Okufu, C.A. (1995).Coagulation of low
turbidity surface water with Moringa oleifera seeds.
International Journal of Environmental studies, 48:263-273.

Saadabi, A.A. and Abuzaid, LE.(2011); An In vivo
antimicrobial activity of Moringa oliefera L. seed extract
against different group of microorganisms Australian J of
Basic and Applied Sciences : 5 (5) 129 -134.

[11] Jamil, A. Shahid, M,; Khann, M M. and AShra, M.(2007);
Screening of some medical plants for the isolation of

anti-microbial proteins and peptides .Pak. J. Bot. 39



[14]

Journal of Microbiology Research 2013, 3(5): 171-175

(1):-211—221.

Eilert,U.,Woltors,B.,and Nahrstedt,A(1981).The antibiotic
principles of seed of M oringa oliefera .Planta Medica :42(2)
55-61.

Gassenchmidt, U.; Jany, K.D.; Tauscher, B and Niebergall,
H.(1995). Isolation and characterization of a flocculating
protein from Moringa oleifera lam. Bio chimica Et Biophysica
Acta,143: 477-481.

Kwaambwa, H. M;Hellsing, M. and Rennie A.R. (2010):
Adsorption of water treatment protein from M, oliefera seed

to silicon oxide surface studies by neutron reflection
Lan gmuir :26 (6)2902-2910.

[13]

[16]

[17]

175

Mandloi, M.; Chaudhari, S. and Folkard, G.K. (2004).
Evaluation of natural coagulants for direct filtration.
Environmental Technology, 25(4):481-9.

Kavitha, C.; Ramesh, M .; Kumaran, S.S. and Lakshmi, S.A.
(2011) Toxicity of Moringa oleifera seed extract on some
hematological and biochemical profiles in a freshwater fish,
Cyprinus carpio. Experimental and Toxicologic Pathology.
Under press

William Creighton, Optima of Africa, Ltd, Juniperspp@
yahoo.com .



