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ABSTRACT

Water quality and treatment is becoming of incregsconcern, especially in developing nations, wheeter
quality is poor and proper treatment is lacking. fhga oleifera is a tropical plant whose seeds eomtwater-
soluble substances that have coagulation activityvater. The coagulation and antimicrobial effiagnof the
Moringa oleifera seed solution at different concations in turbid surface water (Onu-Ebonyi riverere studied
and compared with alum, which is presently the madely used industrial coagulant. The physicoclvamand
microbial analysis of the turbid surface water icalied that the water sample has turbidity of 28 Nandl the
presence 080 x 100 MPN/ml coliform bacteria286 x 102 CFU/ml mesophilic bacteria an#0 x 102 CFU/ml|

mesophilic fungi respectively. However, microbietluction of 70-93.3 % for coliform bacteria, 93.8-3 % for
mesophilic bacteria and 97-100 % for mesophilicdiuwas obtained following coagulation of the wasample
with Moringa oleifera seed solution, as the concatitn increased from 1-2 %. Also, at 1 % (1g/100byl weight
concentration, both Moringa solution and alum colagis gave 62.5 % and 75 % turbidity removal resipeby.

Moringa seed is non-toxic and environmentally fdlgn and unlike alum does not significantly affde pH and
conductivity of the treated water. So, as a natwahgulant, Moringa oleifera seed may be potentiafiable

substitute to alum in both home and pilot wateatneent especially in the rural areas of the deviglgountries.

INTRODUCTION

Moringa oleiferais the most widely cultivated species of a monogerfamily, theMoringaceaethat is, native to
the sub-Himalayan tracts of India, Pakistan, Bathegh and Afghanistan. . It is already an importaap in India,

Ethiopia, the Philippines and the Sudan, and isadgrown in West, East and South Africa, tropicaia) Latin

America, the Caribbean, Florida and the Pacifiarids (Jed, 2005). Almost every part of the plazdaygs, flowers,
seeds, roots and bark) can be used as food omwtticinal and therapeutic purposes (Aneal, 2007), specially
in developing countriedMoringa oleiferaseeds are also used as a primary coagulant ininigimkater clarification
and wastewater treatment due to the presence after-soluble cationic coagulant protein able taioedturbidity

of the water treated. Seeds are powdered and atiddtle water straight or after preparing crude amttr
(Ndabigengesere et al., 1995).

Water is one of the fundamental requirements efdifid any undesired addition of chemical substaleess to its
contamination and makes it unfit for human utilfiayank et al., 2011). Many industrial and poweairp use
rivers, streams and lakes to dispose of waste &eatalso can have a disastrous effect on life iraqumatic
ecosystem (Maitera et al., 2011). The frequenclfefthreatening infections caused by consumptiburdareated
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water has increased worldwide and is becoming gmoitant cause of mortality in developing countii@sBari et
al., 2006). In the recent years the use of varimtsral products has been widely investigated aaltannative for
the currently expensive methods of water treatn®aine of the natural products can be effectivebduss a low
cost absorbent (Shaikh PR, Bhosle, 20M.) Oleiferaseed has also been found to have antibacteriaitgctThe
ability of theM. oleiferacoagulant to remove bacteria from water was teistéigle jar test experiments with spiking
of sample water witle. coli bacteria. The results indicated a reduction inté&eteria count similar to that of alum.
However the bacteria count in the sludge reducgxifsgiantly with increased. oleiferacoagulant dosage unlike
alum where the bacterial count in the sludge reswhif@irly constant with increased dosage (Broialet2002).
This may be an indication of bactericidal actiwitiyM. oleiferaalthough further investigation is required to verif
the mechanism of action. Suarez et(28D03) demonstrated the ability of a recombini&htoleifera protein to
decrease the viability of gram-negative or gramitp@sbacterial cells and to mediate the aggregatibnegatively
charged particles in suspension, such as bactetls| clay or silicate microspheres.

In many developing countries, access to clean afelwsater is a major problem. According to the UN, billion
people still do not have access to an adequateysopprinking water and these people are amongwbdds
poorest. Due to limited clean and safe water sQuudace water either from rivers or rain fed pphads become
one of the main sources of water supply. This waterulnerable to various forms of pollution gertecafrom
different sources mainly households, agriculturd @mdustries (Abaliwano et al., 2008). Hence thaticous
treatment of waste water is more suitable and if@aviram et al., 2011).

The coagulant activity dfloringa oleiferaseeds is widely known and applied in water treatraghousehold level
in rural areas of developing countries (Jahn, 1988pgulant recovery from waterworks sludge fouse; though
not a new concept remains a key option towardgeHaction of chemical usage in the water indusidydullahi
and Musa, 2011). However there are constraintswenieced in the use of chemical coagulants (e.gnglsuch as
scarcity of foreign currency for importation anchitequate supply of chemicals. Although aluminurthés most
commonly used coagulant in the developing countsasdies have linked it to the development of olagical
diseases (e.g. pre-senile dementia or Alzheiméassade) due to the presence of aluminum ions indthmking
water (Jekel, 1991). Subsequently, large non-bictble sludge volumes are produced comprisingesiflual
aluminum sulphate requires treatment facilitieptevent further contamination into the environmeénce as a
result of this consequence mentioned above, thera heed to develop alternative, cost effective als
environmentally friendly coagulants.

MATERIALS AND METHODS

Collection of water sample:The water sample used for this study was asepticallected from Onuebonyi river
using the method given by Cheesbrough, 2000 fer ivater sample collection.

Collection and Identification of M. oleifera seeds:Seeds oM. oleiferaused in this study were collected from a
single tree located at Km 6, Enugu-Abakaliki Exgregay, Mgbabo Village, Abakaliki, Ebonyi State.vtas
identified and authenticated by Prof. S.S.C. Onyalkiwtaxonomist in the Department of Applied Biofpg&bonyi
State University, Abakaliki, Ebonyi State.

Preparation of M. oleifera seed powder:The Moringa seeds were de-shelled and dried at ambient temopesa
(23 to 25°C) for a period of five days before miffi The white kernels were milled into a fine powdsing with
the aid of a Starlite blender (Model SL-999) andsvegeved through a small mesh to get the fine powbee
powder were collected into a sterile bottle witlp ead stored in the refrigerator alGfor seven days.

Preparation of M. oleifera seed solution and water treatment:Different concentrations oMoringa seed
solutions were made by dissolving 1 g, 1.5 g, agdo? theMoringa seed powder weighed on a triple beam balance
into a 100 mis of distilled water each containe@iconical flask to obtain 1 %, 1.5 % and 2 % cotregion of the
solution respectively (Schwarz, 2000). The solutiees shaken properly for 1 minute to extract antivaie the
coagulant and antimicrobial proteins in the seesld®s. It is important to not thatMoringa dried seeds make up 1

g of the seed powder. Each of the concentratiorsspeared into one liter of the raw water contaiited beaker (2
liter capacity) and the water stirred for 60 secatd then slowly for 2 munities. The treated watas then
allowed to stand undisturbed for 6 hours. Afterebh100 mls was collected from the top of the watet subjected

to post-treatment analysis (Suleiman and Eviso841Bolkard et al., 1999 and Doerr, 2005).

888
Pelagia Research Library



M. N. Alo et al Adv. Appl. Sci. Res,, 2012, 3(2):887-894

Preparation of alum coagulant and water treatment:The alum used for this study was obtained fromidical
market popularly known as Meat market located withbakaliki metropolis. The 1 % solution of alumsvaade
by adding 1 g of alum in 100 ml distilled water atdhke for 60 seconds. The alum was totally solimbtbe water.
The solution was then added into 1 litre of the veater sample and the treatment procedure wassasilded above
with Moringa solution.

Microbial analysis of the water sample: The microbial analysis was performed to determieerhicrobiological
quality of the water sample. These tests whichuidelthe total viable counts, i.e., the total medmpbacteria count
and total mesophilic fungal count, and the estiamatf the most probable number (MPN) of faecal fooin
bacteria were conducted prior to treatment and #feeincorporation of thboringa oleiferaseed solution into the
water sample.

Total mesophilic bacteria count: 10-fold serial dilution of the water sample wasdadefore plating using the
methods given by Amadi and Ayogu (2005). Usingailst syringe 9 mls each of the diluents (sterikgten) was
placed into 10 different test-tubes arranged iack.r The water sample was then shaked to mix amtvas taken
using sterile 5 ml syringe and then added intofitis¢ test tube in the rack and shaken properlgni®. 1 ml of the
water was taken from the first test tube and dedigreénto the second test tube and mixed. This poeas repeated
for the 10-test tubes. 0.1 ml aliquot of each dlutl to 5 test tubes was then plated on an alrsaligified nutrient
agar. The water sample was spread evenly on tiaceuof the agar using sterile swab stick, afteictvithe
inoculated media was allowed to dry and then intedbat 37 OC for 24 hours (Amadi and Ayogu, 20@8)er the
incubation period, number of colony growths onalgar were counted and recorded.

Total mesophilic fungal counts:1o-fold serial dilution of the water was made usihg method already described
above. Then 0.1 ml aliquot from 1-5 dilution plated each plat containing already solidified Sabadrdextrose
agar medium. The water was spread evenly on tHacsuof the plate using a sterile swab stick arel glate
allowed to dry and then incubated at®5for 48 hours. The number of colonies growth om phates was counted
after the specified period of incubation.

Most probable number (MPN): The water sample was thoroughly mixed by invertimgybottle several times. The
cap was then removed and 50 mis of water was anidde bottle containing 50 mls of MarConkey brédbuble
strength), using a 10 mls syringe, 10 mis of wateradded to each of the five bottles containingml® of
MarConkey broth (double strength). Also, 1 ml of thater was added into each of the 5 bottles aantab mis of
MarConkey broth (single strength). For the treatetler sample, 50 mis of water was added to théebodintaining
50 mis of MarConkey broth (double strenght0 andril® of water placed into each of the 5 bottles aminng 10
mls of MarConkey broth (double strength). The idated broths were then incubated af@4or 24 hours with the
bottles loosely caped. After the incubation peritieg results were read and recorded using Cheeagibr(2000)
standards.

Physicochemical analysis of the water sample
The water sample physicochemical parameters welermdimed prior and after treatment wikh. Oleifera seed
solution using specific methods. The parametersrdeéhed were:

Determination of turbidity: The turbidity of the water sample was determingichgi both Nephelometric machine
(Gallenkamp, England) and Digital photocolorimef8i2 E, India). The machine was switched on ana the
calibrated with distilled water. 5 mis of the wasample was poured into a cuvette holder with #rtical line on
the cuvette aligning with the horizontal mark oe thstrument. The value of the turbidity was thead on the
crystal liquid display (CLD) as soon as the readpal was seen on the screen.

Determination of salinity, total dissolved solids TDS) and conductivity: These parameters were determined
using a mulitmeter analyzer (HACH, Cloverland) thes a software application that can inter-chamgeead
different parameters when the ‘mode’ button is gpeds The instrument was switched on and calibratihl
distilled water. Then 5 mis of sample to be detasadiwere poured into a test tube, the sensor (et} of the
instrument was now inserted into the test tubetardnode button pressed for the reading of eachnpeter. The
values for each of the parameters were read frenctystal liquid display (CLD) as soon as the imstent indicates
ready signal.
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Determination of pH: This was done using pH meter (Suntex TS-2, Taiw@hg instrument was calibrated with
distilled water. 5 mls of the water sample was mgzas into a clean test tube and the electrode efrthtrument
inserted into the water and the start button prbgbe reading was taken as displayed directlyhenctystal liquid
display panel of the instrument.

Determination of total suspended solids (TSS)fhis was determined by weighing a filter papemaighing beam
balance, the water sample was then filtered usiadilter paper. The wet paper was then dried énhtbt air oven at
103 to 105°C, after which the filter paper was removed andeighed. The increase in weight was read and
recorded as the total suspended solids in the wataple.

RESULTS
The microbial assessment of the raw water samplerddreatment indicated that the water sample ainst
286 x 102 CFU/mI of mesophilic bacteria30 x 102 MPN/ml of coliform bacteria and/0 x 10> CFU/ml of
mesophilic fungi (Table 1). Also, the physicocheahianalysis showed that the water sample has itylod 28
NTU, total suspended solids of 0.8 gml, pH of 6 @fductivity of 106.2 uS as indicated in Table 2.

Table 1: Microbial analysis of the water sample befre treatment with Moringa oleifera seed solution

Microbial counts Number of colonies
Total mesophilc bacteria 286 x 102 CFU/ml
Total mesophilic fungi 70 x 102 CFU/ml
Total coliform 30 X 102 MPN/ml
CFU = Colony forming unit and MPN = Most probablamber

Table 2: Physicochemical analysis of the water sartgbefore treatment withMoringa oleifera

Physicochemical parameters ~ Value
TDS (Total dissolved solids)  50.0 ppm
TSS (Total suspended solids) 0.8 g/ml

Conductivity 106.2 uS
Salinity 0.00

pH 6.06
Temperature 289C
Turbidity 28 NTU

PPM = Part per million, g = gram, uS = Microsiemefi€ = Degree Celsius and NTU = Nephelometric turlyidinits.

The results obtained for the microbial analysishaf water samples following treatment witforinga oleiferaseed
solution at different concentrations are preseirietiable 4. The data indicate that the microbialdion the water
sample reduced drastically as the solution of Mwinga solution increased from 1 to 25 %. Also, the ressul
obtained fro the microbial analysis of the wateatment with alum solution contained in Table 5e Thsults
suggest that the alum do not have significant effecmicrobial concentration in water. The resoli¢ained for the
physicochemical analysis of the water sample afeatment with 1 % (1 g /200ml) by weight concetidra of the
Moringa and alum solutions indicated that the turbidityuesed to 10.5 NTU and 7 NTU respectively, but no
significant changes seen on the pH, conductivity salinity for the water sample treated whoringa solution
(Table 3).

Table 3: Physicochemical analysis of the water sartgafter treatment with Moringa oleifera seed solution
and alum as a control

Coagulants Physicochemical Parameters
TDS (ppm  TSS (g/ml Conductivity (uS  Salinity Temperature?C) pH  Turbidity (NTU)
M. oleiferaseed solution 48.7 0.15 104.9 0.0 284 5.65 10.5
Alum solution 302.0 638.0 638 0.3 28.4 3.62 7.0
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Table 4: Microbial assessment of the raw water saphe after treatment with Moringa oleifera seed solution at
different concentration

Concentration of Total mesophilic Total mesophilic Total coliform
M. Oleifera solution (%)  bacteria count (CFU/ml)  fungi count (CFU/ml)  bacteria count (MPN/mlI
1.0 18 x 102 2 x 102 9 x 10?
15 10 x 102 No growth 6 x 102
2.0 5 x 102 No growth 2 X 102

Table 5: Microbial assessment of the raw water sapte after treatment with 1 % by weight concentration of
alum concentration a control

Microbial count Number of colonies
Total mesophilic bacteria (CFU/ml) 192 x 10?2
Total mesophilic fungi (CU/ml) 57 x 10?
Total coliform bacteria 18 x 10?2
DISCUSSION

The finding from this study showed that the actggents in théMloringa oleiferaseeds solution are water soluble
materials as seen from their coagulation and aatohial activities coagulation of the raw turbidtera Thus one
can easily recover turbid water with low microb@ncentration consumption. These active agents haen
reported to possess antimicrobial activities, thaglude: 4-(4'O-acetyla-L-rhamnopyranosyloxy) benzyl
isothiocy-anate (Abrams et al., 1993), ddktrhamnopyranosyloxy)benzyl isothiocy-anate (Abwsteal., 1999),
niazimicin (Akhtar and Ahmad, 1995), pterygosperrfdmderson and Bell, 1986), benzyl isothiocyanaawar
and Bhanger, 2003), and d-(-rhamnopyranosyloxy) benzyl glucosinolate (AsrEs95).

The data obtained from this microbial analysishaf taw water before treatment witoringa seed solution (Table
1) showed that the total mesophilic aerobic baatarid the total mesophilic fungi concentrations agehigh as
286 x 102 CFU/ml and70 x 10> CFU/ml respectively. Also, the total feacal colifo bacteria were found to be
30 x 100 MPN/ml, suggesting the presence of pathogensemdtv water. These data thus indicate how unsafe th
raw water is for human consumption and other doimeses as it could cause gastrointestinal dised$esuse of
the water for bathing, washing of hands, face &g ktould expose one to skin and cutaneous disessmzcially,
the immune-compromised individuals. The presenaaedophilic fungi in the water supports this.

However treatment of the water witfloringa oleiferaseed solutions at different concentrations ledirastic
reduction in the microbial counts in the water ([Ead). At 1 % (1g/100ml) concentration of tMoringa solution,
the total mesophilic bacteria counts, total medaphingal count and total coliform bacteria cowdre reduced to
18 x 102 CFU/mI, 2 x 10> CFU/ml and 9 x 102 MPN/ml respectively. At 1.5 % (1.5 g/100mNloringa
concentration, the total mesophilic bacteria couantd total coliform bacteria count were reducedi@ox 102
CFU/ml and 6 x 10> MPN/ml respectively, while the mesophilic fungahosved no growth. And at 2%
concentration of thdloringa solution, the total mesophilic bacteria counts #otdl coliform bacteria count were
reduced tcs x 102 CFU/ml and2 x 102 MPN/ml, while he mesophilic fungal showed no grewThe production
of antibiotic metabolites, such as carboxylic gdidomasshow and Weller, 1988) and 2, 4 — diacétidmglucinol
(Vincent et al., 1991) may also be involved in éghienination of fungal pathogens. Some researchensotistrated
that cell wall degrading enzymes and chitinaseddcbe involved in antagonism towards phyto-pathogdungi
(Budi et al., 2000). Therefore, it can be suggetited may be these metabolites had an antagoaistidty in our
results. The results from this work also indicateat theMoringa solution showed antimicrobial efficiency of 70 -
93.3 % for the coliform bacteria, 93.7 - 98.3 % fioesophilic bacteria concentration and 97-100 %dogi count
as the concentration of tiMoringa solution is increased from 1-2 %, indicating tte inhibition of the microbial
growth byMoringa solution increase as the concentration of Mwinga solution increase. In other words, our
extracts worked in doze dependent manner, as theeotration of the extract increased the activiép ancreased.
In the same vein, Ordonez et al. (2006) reportadttiis is due to susceptibility of the speciesams concentration
of the extracts, after which this extract damage #pecies which is not tolerable for it. SimilafRaheela et al.
(2008) showed the antimicrobial activity M. oleiferais dependent on dose of the extracts, as the ntratien of
the extracts decreased the activity also decreas#eked different minimum inhibitory concentratioihdlC) values
were observed against different microbial specidso the result obtained for the bacteria counérafteatment
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were in line with the reports of Madsen et al., 2@#8d Babu and Chaudhuri, 2005. Also, the resultable 4 for
total coliform bacteria are in agreement with thparts of Babu and Chaudhuri, 2005 and fall inerdnge given
by Cheesbrough, 2000 for WHO standards for drinkvager.

Moreover, alum coagulant gave no significant reidmctn the microbial load in the water after treatrhas the
bacteria count only reduced 192 x 10?2 CFU/ml, fungi count reduced &7 x 102 CFU/ml and had no effect on
the coliform bacteria as the whole MPN showed pasifor the presence of coliform bacteria (Table Bhis
indicates that only very few of the microbial losettled with the flocs formed by the alum coaguktnthe bottom
of the beaker after treatment. However, alum preduarge sludge volumes (James et al., 1982) srgattt natural
alkalinity present in the water, leading to pH retibn (Ndabigengesere and Narasiah, 1998), and nismnades low
coagulation efficiency in cold waters (Haaroff a@teasby, 1988). In addition, alum has raised a ramdf
concerns including: Ecotoxicological impacts whetrdduced into the environment as post-treatmemdgs,
impacts on human health as a result of consumjidimish water, and the cost of importing theseroicals for
developing communities (Ndabigengesere et al., 1986rthermore, optimal implementation of alum riegs
technical skill and training (WHO, 2007). For thesasons, there is a need to design and develop@fgie water
treatment technologies for developing communiti@se component of this may be alternative coaguldnrasare
less expensive, inherently benign, renewable, lpeakilable, and readily implementable.

The turbidity of the raw water before treatment ®8INTU (Table2) but after coagulation witoringa solution (1
%), the turbidity reduced to 10.5 NTU whereas tifadlum coagulant (1%) reduced the initial turbidib 7 NTU
(Table 3). This result do not correspond to theNT&J residual turbidity reported by Babu and Chawilhi2005,
this is probably due to some ecological factors thedfact that the species of thringa used in this work may be
different from the species used in this work as known that different species bforinga oleiferaexists and do
not have the same coagulation efficiency (Jahn8L98Iso, the treated water was not filtered beftbre turbidity
measurements were made. Howewoyinga solution showed 62.5 % turbidity removal whiclinsagreement with
the reports of Katayon et al., 2004 for low turbidter having initial turbidity level less than 5T WM.

It is also observed during the study that the flimeeed by theMoringa seed coagulant proteins were tiny and light
thus settled so slowly where as the flocs formedhayalum coagulant were large enough and sedit@mticate
was higher and faster.

The result presented in the Table 2 and 3 furtheicate that the pH and conductivity of the watnple was not
significantly affected following coagulation witkloringa solution compared to alum coagulant which advgrsel
affects the pH and conductivity of the water samphas result is in agreement with the report obiNigengesere et
al., 1995. Therefore, this offers a significant agkage to the alum coagulant as little or no furthddition of
chemical may be required to correct pH of the fieid water. Also, the slight decrease in pH follayvtreatment
with Moringa seed solution may be due to hydrogen ions of teakwacidity ofMoringaoleiferasolution, which
balanced the hydroxide ions in the raw water treatnwith alum (Table 3) indicates dissolution oftate in the
water since metallic ions are highly conductiveadueous environment especially water.

Moreover,Moringa oleiferasolution did not affect the salinity of the watehile the salinity increased significantly
after coagulation with alum. This can be explaibgdhe fact that alum coagulant contains trace arhofisodium
chloride salt and also dissolution of potassium anlpphate ions from the alum in the water helpnicréase the
salinity of the water which is a measure of salf @nic content of water. The total suspended salidthe water
sample drastically reduced following the treatmeitih alum andMoringa seed solution.

Generally, the analysis has shown the efficacyeffettiveness oMoringa oleiferaseed solution in the treatment
of raw turbid water as it helps to improve the mhiplogical and aesthetic quality of water samplighough the
water can still be filtered after coagulation, farther purification as the water coagulated wibringa solution
does not guarantee that the water is 100 % fre@athfogenic germs. In addition, the seeds of ttastpnaterial are
non-toxic as the studies carried out to determiree fotential risks associated with the use of #exls in water
treatment, suggest that the seeds do not have artg ar chronic effects on human, particularly @w Idoses
requires for water treatment (Folkard et al., 1999)
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CONCLUSION

This study has successfully revealed that see@astofM. oleiferaseed powder solutiopossesses antimicrobial
properties against mesophilic bacteria, mesophiligi and coliform bacterialrhese extracts could be promising
natural antimicrobial agents and coagulant witreptial applications in controlling bacteria thatisa water borne
diseases and reduces the number of suspendedgzaiticaw water drastically. While water coaguatiwith alum
are usually very acidic and thus dangerous for hluomasumption as it is liable to harming the gastestinal tract.

M. oleifera can be cultivated very cheaply at the householdller in small communal nurseries which is to be
encouraged among the rural populations.
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