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ABSTRACT

Moringa Oleifera seed contain admirable coagulation properties for the
water clarification. In presents study coagulation active compound have
been isolated and purified, and was characterized by SDS-PAGE method.
Theisolated active agent from Moringa Oleiferais cationic protein, have
43-kDamolecular weight. The coagulation/floccul ation activity of protein
was examined on clay suspension (model turbid water). Comparison study
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was performed on jar test apparatus between the coagulant active protein
and alum using model turbid water. The dosage of coagulant active protein
was optimized and showed better coagul ation efficiency compared to alum

for turbidity removal.

INTRODUCTION

Coagulaion/flocculationfollowed by sedimentation,
filtration and disinfectionisusedinwater trestment. Tur-
bidity removal isanimportant step in water treatment,
achieved by coagulants. Many coagulantsarewidely
used inwater trestment, based ontheir chemical char-
acterigtics. Coagulantsareclassfied mainly ininorganic,
compositeof inorganic, synthetic organic polymer and
natural coagulants. Primary coagul ants are based on
auminiumandiron (111) sats. Aluminum satsnamely
alum and polya uminum chloride (PACI) arethe most
common synthetic chemical coagulants used inwater
and wastewater treatment(*.,
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Beforeintroduced the synthetic chemical coagu-
lantsnatural coagulantswere used. Itisobtained from
microorganisms, animds, plants, vegetablesand deriva
tivesof theminerd origins. Naturd coagulantsare eco-
nomically and environmentally more acceptablethan
chemical coagulants¥. Along with plant materials,
Moringaoleifeirahasshowsgood efficiency asprimary
coagulantsonwater clarification be ongingtothefamily
of Moringaceaehave 14 species™* ¢, Theplantisnon-
toxic and contain natura organic polymer, duetothis
reason, it issuggested as coagulant on small scalein
developing countries™©l,

InMoringaOleferathe seed kernelsof Moringa
Oleiferacontain major quantitiesof thewater-soluble
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proteinshave positive chargeand actsasanatura cat-
ionic polyel ectrolyte during treatment. Thisprotein has
been proposed to bind the predominantly negatively
charged particles. Mechanismsof coagulationwith pro-
teln cong stsadsorption and charge neutrdization of the
colloidal charges®9. Activeagent waspurified and char-
acterized usng different techniquesnamdy; diayss, ul-
trarfiltration, lyophilisation, ion exchange, chemicd pre-
cipitation and el ectrophoresig® 319,

Presents studiesisfocused on isolation and pu-
rification of the coagulant active protein from dry
MoringaOleiferaseed kernel and characterized by
sodium dodecy! sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE) technique. The efficiency
assay of coagulant active compound wastested on
clay suspension (model turbid water) and compared
withaum.

MATERIALSAND METHODS

Materials

MoringaOleferawascollected from surrounding
areaof Bhavnagar, district of Gujarat, Indiafor ex-
tract the coagulant protein. The protein was extracted
by tap water obtained from institute. Alum was used
in the present study as chemical coagulant for com-
parisonsstudiesonly (AR grade, S. D. Fine Chemi-
cals, Mumbai, India). Barium chloride (AR grade)
purchased from Ranbaxy, India. Ammonium
persulphate, N, N methylenebisacrylamide, Sodium
dodecyl sulfate, Glycerol and Bromophenol Blue(Mo-
lecular Biology grade, S. D. FineChemicals, Mumba,
India). Coomassie Brilliant Blue R-250 (Himedia
Laboratory, India). B-Mercaptoethenol (Accros), Tris
base (AR grade, SRL, Indid), Acrylamideand TEMED
(Molecular grade, Spectrchem, India), Trisglycineand
Methenol (AR grade, Fisher Scientific) for SDS-PAGE
to determinethemol ecular weight of the active agent.
Dialysistubefrom SigmaAldrich, USA for purifies
the coagulant ective protein. Clay (Bentonite) wascol-
lected from Barmer, district of Rgjasthan, Indiafor
prepared clay suspension. To prepare the solutions
only de-ionized (Milli-Q) water was used obtained
from Milli-Q Gradient A-10 water purification sys-
tem.
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Schematic 1: Block diagram of protein extraction and puri-
fication.
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| solation and purification of coagulant active com-
pound

Thepodsof MoringaOleiferawerewashed tore-
moveimpuritieswhich stick onit by tap water and dry-
ing in open space at atmosphere temperaturefor 3-4
days. The seedswere extracted from podsand dried
at atmospheretemperaturetill it appeared brow. The
kernelswereextracted from husk and ground to fine
powder with domestic blender (Maharga Mixture
Grinder, Indig). To obtain uniform sizeof powder it was
passed from 250-mi cron mesh. Thekernel powder was
used for extracted the active agent (Schematic 1). 2.0%
w/v of kernel powder was added to tap water and -
lowed the crudefor stirring under 400 rpm on magnetic
stirrer (Schott, Germany) for 60 min at room tempera-
ture. Solution was sediment for 30 min and decanted
the supernatant sol ution contained coagul ant active com-
pound. Centrifugethe mother liquor under 9000 rpm
for 120 min at 8 °C (Kubota 6500, Japan). Filter the
Supernatant sol ution thorough whatman filter paper No.
3. Thefiltrate contained coagulant active protein, was
stored at 4 °C in refrigerator before purified (Sche-
matic 1). To precipitatethe protein, anmonium sulphate
was added in filtrate solution till saturation reached
100%. Solutionwastransferred to diaysistube (7014
M.W., Size: 23 mm x 15 mm) and washed till 100%
sulphate removed. The active protein wasremaining
inside thetube as solution. The solution was Freeze-
driedinfreezedryer (Heto FD3, Denmark). Fina prod-
uct waswater solublewnhiteyellow fine powder stored
at 4 °C in refrigerator, used for characterization and
coagulation studies.

Analytical methods

Molecular weight and purity of the protein were
analyzed by standard SDS-PA GE method (12% poly-
acrylamidegd) (BangdoreGenea, Bangdore, India) and
quantitatively estimation of protein was carried out by
using Bradford assay (Bio-Rad). Turbidity and pH of
the water was measured on TN-100 Eutech turbidity
meter, Singaporeand pH meter from Toshniwd Instru-
mentsAjmer, India

Characterization of coagulant active protein

Sodium dodecyl sulfate-polyacrylamidegd (SDS
PAGE) (12%) electrophoresis(Vertical Dud Mini Gel
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System, Bangal ore Genel, Bangd ore, India) under re-
ducing condition was done as described by sambrook
et .M, Relativemolecular weight was determined by
performing the SDS-PA GE of protein with molecular
weight standards under reducing condition. Molecular
weight of isolated active agentswas determined using
protein molecular weight marker (6-16% Gradient
PMWB, Bangal ore Genel, Bangalore, India). The pro-
teins were detected by staining the gel with 0.1%
Coomassiebrilliant blue R-2507.

Moddl turbid water

Coagulation experimentswere conducted using
model turbid water prepared by reported method!*2.
Thetypica analyssof mode turbidwater was165NTU
(initid turbidity) and pH 6.83 (initia pH).

Coagulant activity assay

Jar test apparatus (Pooja Scientific Instruments,
New Ddhi, India) iswidely used in coagul ation/floccu-
lation process. Thisstudy consstsof batch experiments
involving rapid mixing, dow mixing and sedimentation.
All thecoagul ation experimentswereconductedin 1000
ml glassgraduated beaker usingasquarejar test appa-
ratus. For each experiments, known amount of coagu-
lant dosageswere added to beaker containing clay sus-
pension. Water samplewasfirst stirred rapidly at 140
rpmfor 1 minand then at asow speed at 40 rpmfor 8
min followed by sedimentation for 30 min after dosing
and supernatant water used to measurefina turbidity
and pH.

RESULTSAND DISCUSSIONS

Molecular weight deter mination by SDS-PAGE

Toisolatetheactive agent fromMoringaOlefera,
ammonium sul phate was used to precipitatethe pro-
tein™ 13, ActiveagentsfromMoringaOleiferaarere-
sponsible of water treatment. Maikokera et al .1 14
studied of interaction of the coagulant protein with an
anionic surfactant SDS reported that the active agents
arewaer-solubleproteinsof molecular weightsbetween
6000 and 16,000.

Coagulant active agent wasisolated from Moring
Oligoferaseed kernel by molecular sieving method
(SDS-PAGE) under reducing condition. The picture of
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the gel was showed the migration of a sample with
molecular weight standards ranging from 29 to 205-
kDanamely CarbonicAnhydrase 29-kDa, Ovabumin
43-kDa, Bovin SerumAlbumin 66-kDa, Phosphory-
laseb 97.4-kDaand Myosin, Rabbi Muscle 205-kDa
(Schematic 2). Theseresults showsthat i solated pro-
tein was monomeric of 43-kDaand monomersretain

their coagulant properties.
Myosin, Rabbit

Musele (205-kDay

Phosphorviaseb

(97 4kDs) -

BSA (56-kD a) =—p

Ovalbnmin
(43-kDa) Coagulant active
Protem (43 kDa)
Carbonic Anhydrase
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Schematic2: SDS-PAGE.

Performanceof polymer on turbidity removal with
pH

Turbidity remova ismanam of thisstudy through
coagul ation/floccul ation by coagul ant active compound
(protein) and efficiency of the protein compared with
alum. For these experiments, model turbid water was
used has 165 NTU turbidity and pH 6.83. Mechanism
of the turbidity removal is strongly related with pH
value®, Final pH of the treated solution was acidic
and maximum turbidity removed a theneutra or acidic
pH region*®, Changesin residua turbidity and pH of
water samplesafter dosingwereinvestigated in details.
Dosage of the protein was varied in step to see the
efficiency for turbidity remova with pH. ThepH and
turbidity removd sudy wasinvestigatedin detail showed
inFigurel.

I nfluenceof protein ascoagulant and comparewith
aum

Dosage of proteinwasvariedto check itsefficiency
Natural Products

for turbidity removal. If turbidity wasremoved near
about 80 to 90% after dosing and sedimentation; inthis
case, coagulation activity was present. Whereas, result
wasabsent if theturbidity hasunableto removed more
than 30%4Y. Efficiency of coagulant wasincreased when
dosage of the coagulant increased™. Figure 1 shows
theeffect of protein onturbidity removal with varying
dosageat fixed turbidity. At 5 and 15 mg/L dosage of
theprotein, flockswas unableto settled because of its
amount wasfewer and compact. It might beduetothe
increased of pH at earlier dosage. However, increased
the dosage of protein turbidity was reduced simulta-
neously. Because of pH of the treated water wasre-
duced*®. From theresults, at 25-95 mg/L of the pro-
tein turbidity wasreduced from 39-98% at the range of
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Figurel: Turbidity removal efficiency of alumand coagulant
activeprotein.
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pH 6.63-6.03 respectively (Figure 1). Results showed
that the protein was effectivein the range of the pH
7.33-6.05. Results showed that turbidity reduced in
acidic pH and sufficient dosagewas 95 mg/L for tur-
bidity removal (165NTU) (Figurel).

Efficiency of dumwasexamined with amilar model
turbid water (165 NTU) described earlier. Dosage of
alumwasvariedto check itsefficiency onfixed turbid
water. Whereasa um gpplied on modd turbid water in
rangeof 5-125mg/L. Similar trend was observed with
alum applied to turbid water up to 15 mg/L, the re-
gdud turbidity remainsassuch. Turbidity wasdecreased
when dosage of a umincreased simultaneously reduc-
ing curvefollowed thetrend like protein with range of
pH 7.2-5.97 (Figure 1).

While comparing theresultsit was showed to re-
moveturbidity alum required ~ 25 ppm more dosage
than protein (Figure 1).

CONCLUSION

Coagulant activeagent was successfully isolated and
purified from MoringaOleiferadry seed kernel, and
was characterized by SDS-PAGE has 43-kDa pro-
tein. Proteinismoreeffective coagulantsthandum and
removed up to 99% of turbidity frommodd turbid water
and required ~ 25% lessamount of proteinfor turbidity
remova ascomparedto alum.

ACKNOWLEDGEMENT
Wearethankful to Council of Scientific and Indus-

trials Research (CSIR) for funding under Network
project NWP 10.

—=> [y|| Paper
REFERENCES

[1] A.Ndabigengesere, K.S.Narasiah, B.G.Talbot;
Water Research, 29, 703 (1995).

[2] A.Ndabigengesere, K.S.Narasiah; Water Research,
32, 781 (1998).

[3] T.Okuda, A.Baes, W.Nishijima, M.Okada; Water
Research, 33, 3373 (1999).

[4] T.Okuda, A.Baes, W.Nishijima, M.Okada; Water
Research, 35, 405 (2001).

[5] K.A.Ghebremichad, K.R.Gunaratna, H.Henriksson,
H.Brumer, G.Dalhammar; Water Research, 39,
2338 (2005).

[6] S.Katayon, M.J.M.Mohd.Noor, M.Asma,
L.A.A.Ghani, A.M.Thamer, 1.Azni, J. Ahmad,
B.C.Khor, A.M.Suleyman; Bioresource Technal.,
97, 1455 (2006).

[7] H.Agrawal, C.Shee, A.K.Sharma; Research Jour-
nal of Agriculture and Biological Sciences, 3, 418
(2007).

[8] K.N.Trivedi, A.B.Boricha, H.C.Bajgj, R.V.Jasra;
Rasayan J.Chem., 2, 379 (2009).

[9] H.M.Kwaambwa, R.Maikokera; Colloid Surfaces
B, 60, 213 (2007).

[10] R.Maikokera, H.M.Kwaambwa; Colloid Surfaces
B, 55, 173 (2007).

[11] J.Sambrook, T.Maniatis; ‘Molecular Cloning: A
Laboratory Manual’ (1989).

[12] K.N.Trivedi, A.B.Boricha, H.C.Bajgj, R.V.Jasra;
CLEAN - Soil, Air, Water, 38, 446 (2010).

[13] K.R.Scopes; ‘Protein Purification: Principles and
Practices’, 2" Edition, Springer, New York, (1987).

[14] W.Fink; Identifizierung, Reindarstellung und
Strukturaufklarung Flockungsaktiver Wirkstoffe Aus
Hoheren Planzen zur Wasserreinigung, Doctoral
Thesis, Univ.Heidelberg, (1984).

[15] W.P.Cheng, F.H.Chi, R.F.Yu,
Sep.Sci. Technal., 41, 297 (2006).

[16] D.Wang, W.Sun, Y.Xu, H.Tang, J.Gregory; Calloid
Surfaces A, 243, 1 (2004).

P.Z.Shi;

———————, Natural Products
A Tndian ﬁawm!



