Biocoagulation and antibacterial efficacy of water purification tablets produced from seed extracts of Moringa oleifera
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                                       ABSTRACT
Traditionally, Moringa oleifera seed powder has been used as eco-friendly clarifying agent for drinking water, in many part of the world. However, there is little or no work on its industrial application at standardized and commercialized dosage level. This study was therefore designed to determine the biocoagulation and antibacterial efficacy of the water purification tablet produced from seed extracts of Moringa oleifera using a locally fabricated pilot scale purification system. Water purification tablets of 0.5g each were formulated from defatted Moringa extract (49.1%), starch (49.1%), gelatin (0.49%), magnesium stearate (0.98%), and Talc (0.49%). The ingredients were mixed, granulated, and vortex-mixed and compressed into 0.5g each of the tablets using single point compression machine (Ewreka, electric type, Germany). To determine the minimal coagulation concentration (MCC) of the tablet in clarifying water, various trials were conducted using 3/4, 11/2, 3, and 6 tablets in 9 litres of turbid water and the turbidity of the clarified water determined using a spectrophotometer for optical readings for each treatment respectively. Total plate counts and coliform counts of the different samples of water were determined during the phases of biocoagulation, filtration and solar disinfection respectively. Physicochemical analysis including pH,, turbidity, temperature as well as taste of the clarified and disinfected wre conducted. The results of the study showed that the minimal coagulation concentration of the Moringa oleifera tablet (MOT) was 0.25g/ 1.5 litres or 3 tablets in 9 litres of turbid well water and this dosage was effective in reducing turbidity by 91.3%, total plate by 84% and coliform count by 91.1% at the biocoagulation phase of treatment. The water was further purified by double filtration and solar disinfection to obtain water with the turbidity value of 0.01, zero counts in Total plate and coliform counts respectively. This study has shown that the use of MOT with the  patented fabricated water purification system has a potential for commercial viability. More studies are recommended.    
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INTRODUCTION

Water is an indispensible life’s necessity used for several purposes by humans. Indeed, water availability and quality has become a major indicator of development of a nation. The level of purity of the water being consumed is however, very crucial since it has direct effect on health. Water and sanitation profile of Nigeria as provided by World Health Organization in 2015, shows that 69% of the total population had access to "improved water supply". This was 80% of the urban population and 57% of the rural population. In that same year (2015), around 58 million people lacked access to "improved" water. As for sanitation, only 29% of the total population had access to "improved" sanitation. This was 33% of the urban population and 25% of the rural population. Approximately 130 million people still lacked access to "improved" sanitation (WHO/UNCEF, 2015)

 The conventional method of water purification using aluminum sulphate (alum) and calcium hypochlorite puts pressure on the Nation’s over-burdened financial resources since these chemicals are imported thereby making treated water very expensive in most developing countries (including  Nigeria)  beyond the reach of most rural folks (Jahn, 2008). Hence, most rural communities resort to sources such as dams, dug outs, streams, rivers, and lakes. Water from these sources is usually turbid and contaminated with microorganisms that cause many diseases including guinea worm and bilharzias, diarrhoea, cholera and just to mention a number of other diseases (Francis and Amos, 2009). 
According to Postnote (2002), water-borne diseases are among  the main problems in developing countries; about 1.6 million people are compelled to use contaminated water and more than a million people(of which two million are children) die from diarrhea each year (Francis and Amos, 2009). Some water borne pathogens like Cryptosporidium parvum and Giardia duodenalis have developed resistance to conventionally used antimicrobial substances like chlorine (according to WHO guidelines for drinking water 2004). 
Generally, surface water used for drinking and cooking purposes requires treatment because it is more vulnerable to contamination from activities occurring at the earth’s surface. There are contamination from human waste, livestock and other hazards at the source while groundwater is prone to contamination if soil conditions are sandy and the water tables are shallow (WHO, 2004). In the rural context, the availability of synthetic chemicals used in the purification of water, its acceptability and environmental safety have to be ensured (Jahn, 2008). However, the use of natural biodegradable materials of plant origin to purify turbid surface waters, if successful, can be more beneficial. This is so because the chemicals required for treatment, namely: alum for coagulation, polyelectrolytes as coagulant aids, lime for softening and pH correction and chlorine for disinfection needs to be imported with scarce foreign exchange. These chemicals have attendant problems of possible toxicity to man and other organisms in the environment. In reaction to this, local materials are being considered as a substitute. Moringa oleifera seed extract has been a subject of research by several scholars in this regard. Many researchers have reported its use in surface water treatment (Suarez, et al., 2005; Bichi, et al., 2012, Mustapha, 2013).)
Moringa oleifera is a rapidly growing perennial softwood tree which for centuries has been advocated for traditional, medicinal and industrial uses. It is already a vital crop in India, Ethiopia, the Philippines and the Sudan. It is also being grown in West, East and South Africa, tropical Asia, Latin America, the Caribbean, Florida and the Pacific Islands. Almost all its parts are edible and have been consumed by humans Fahey (2005). 
Seeds from Moringa oleifera have been recommended for water treatment in Africa and south Asian countries (Okuda et al., 2005). According to Jahn et al. (2008), the seeds of the Moringa family are very efficient water coagulants and toxic side effects have not been noted. One of the active ingredients in M. oleifera seed has been identified as a polyelectrolyte. Its use for coagulation, co-coagulation, or coagulant aid has been a subject of investigation in many parts of the world. Softening of water with M. oleifera has also been identified to have potential advantage since it is accompanied by very low reduction in alkalinity which is required to provide the necessary buffering capacity to achieve required treatment objectives. Many researchers have also identified the presence of an active antimicrobial agent in Moringa oleifera seeds (Mustapha, 2013). It is against this backdrop this study was carried out to investigate biocoagulation, purification and disinfection efficacy of tablet produced from seed extract of Moringa oleifera in water in order to provide information that could guide policy makers, researchers and other stakeholders who have obligations to improve the public health of the populace and prevent water borne disease outbreaks.
MATERIALS AND METHODS
Collection, Identification and Preparation of Moringa oleifera Seed Sample 
 Fresh Moringa oleifera seeds free of blotting and infection were obtained at Faringada, Jos Nigeria. The seeds were authenticated by a plant Taxonomist at the herbarium unit of the Department of Federal College of Forestry, Bauchi road, Jos, Nigeria, where voucher specimen was deposited. The seeds were air-dried at 40°C for two days. The shells surrounding the seed kernels were removed using knife and the kernels were pounded using laboratory mortar and pestle into powder and sieved using a strainer with a pore size of 2.5mm2 to obtain a fine powder
 Extraction of  oil from Moringa oleifera Seed Powder
Prior to extraction of bioactive constituents, the ground and sieved Moringa oleifera seed powder  was defatted with hexane by using electro thermal soxhlet apparatus (ROSS, UK). This was done by weighing 10 gram of Moringa oleifera seed powder and setting it in the thimbles of the electro thermal soxhlet extraction chamber, adding 170 ml of hexane in the heating chamber, then evaporating  hexane through three cycles each for 30 minutes to ensure the extraction of oil from the seeds, until the hexane became colorless. The Moringa oleifera cake residue from the soxhlet thimbles was dried, weighed and kept for use. The Moringa oleifera cake residue stock after oil extraction was used for making water  purification tablets in this study.

 Preparation of Moringa Oleifera Seeds Tablets 
A measured quantity of 0.5 grams of basic formulation of M. oleifera seed powder was prepared. 50 grams of the Moringa seed powder and corn starch powder were mixed in the ratio 1:1 w/w to enhance the binding properties. The mixed powder was moistened in a clean ceramic mortar with the appropriate amount of binding solution (0.5g/10mlgelatin) for 10 minutes and then granulated using 10mm sieve. It was then allowed to stay for 24 hours after which the granules were further granulated using 16mm sieve. 0.5 grams of Talc powder and 1.0 magnesium stearate were added to the granules in clean sterile glass container. The granulated material where then offloaded into well labeled clean containers ready for compression into tablets. The weighed Moringa powder and other ingredients were placed in the compression chamber. The formulation compressive force of the compressing machine  was adjusted manually based on the properties of the material. To obtain the tablets, the machine engine was engaged, so each form of the solid dosage was obtained sequentially using the automated rotation of the punch. After compression, the tablets obtained were collected and stored away from light and rehydration (in desiccation chamber) at room temperature prior to coagulation test.

 Collection of Water Sample
Turbid well water sample from Faringada, Jos North Local Government Area of Plateau State was collected in a pre-sterilized 50 litre-capacity of newly bought ‘Jericans’ and was filled with turbid water. The water was  fetched  using the calibrated gallon by suspending the gallon into the turbid water in the well  and directing the opening of the gallon in the direction of flow. 

The pH, temperature and turbidity were measured at the collection sites in order to monitor the chemical and physical characteristics of water samples which are prone to change during transportation. All samples were immediately transported to the Microbiology Laboratory of the University of Jos for analysis.
Water Purification Process using the improved Pilot scale Water Treatment plant
The pilot scale water treatment system used was a patented plant that was invented  Dr. Egbere, O. J of the Department of Microbiology, University of Jos, Nigeria. The water purifier system consists of a coagulation tank, primary, secondary and tertiary filtration units and a solar disinfection tank respectively, each mounted on a metal pole ingeniously designed to allow filtration of water take place under gravitational free flow from one tank or unit to the other. The coagulation tank which 10 litres in capacity is linked to the filtration units. Known number of the coagulant tablet(s) was/were introduced into the coagulation tank, containing measured quantity of 9 litres of water, mixed and allowed to settle for 30 minutes for coagulation and flocculation to take place. The flocs formed were removed through the sludge removal outlet of the system while the clarified water was allowed to flow through the primary filtration unit using a ball valve to control the flow onto the secondary and tertiary filtration units respectively at a free fall. The filtered water  was then allowed to flow into the solar disinfection box so as to receive  ultra violet radiation from the sunlight for periods of 1,2 and 3 hours between 12 noon and 3.00pm of the day. The solar disinfection box is constructed with aluminium material that resists rust and was impregnated with solar converging marrow which helps to increase the intensity of sun rays into the water by converging rays into the water. The water was covered by a transparent heat transmissible material to prevent dust contamination. Sampling was carried out at various stages of the 
water treatment, namely; before, during and after coagulation, after filtration and after solar disinfection stages of water treatment respectively.
Physicochemical Analysis
 The water samples from each sampling point during water treatment using the pilot scale plant  were examined for properties such as colour, temperature, turbidity, pH and  conductivity using methods as described by Association of Official Analytical Chemistry International (AOAC) ( 2005).
Microbiological Analysis of the treated water samples
Total Bacteria Count

Five (5) folds Serial dilutions were done to determine the total bacterial count using the pour plate method as described by Egbere et al (2005). In this technique, 1ml of the sample was pipetted aseptically and transferred into a tube containing 9 ml of sterile distilled water and subsequent dilutions were done. About 20ml of molten nutrient agar cooled to 450C was poured into each Petri-dish containing 1ml of the water sample. The number of viable bacteria in the sample after 24 hours of incubation was estimated using  digital colony counter  and  the number of colonies formed in each dilution factor expressed as colony forming units per millilitre (cfu/ml) of water.
Total Coliform Count
The membrane filtration technique was used in determining the total coliform number  present in 100 ml of sample100ml of each sample according to the method described by Cheesbrough, 2002.
Identification of Isolates

The isolates were identified on the basis of biochemical, physiological and morphological characteristics as described by (Cheesbrough, 2002).

RESULTS

The result of the determination of minimal coagulation concentration (MCC) shows that 0.25g Moringa oleifera tablet (MOT) is the minimal concentration per 1.5 litres of the turbid well water following trials with various concentration such as 0.0625g, 0.125g, 0.25g, and 0.5g. or 3/4, 1/2, 3, and 6 tablets in 9 litres of the turbid well water after three hours of bio coagulation each. The turbidity decrease from 0.62 to 0.052 for concentration 0.25g, 0.051 for 0.5g, 0.26 for 0.0625g and 0.22 for the concentration 0.125g. The microbial load reduced significantly at concentration 0.25g by 84.4% and 91.1% in Total plate cells and Coliform count, and 92.7% and 95.0% in Total plate cells and Coliform counts for 0.5g. The turbidity of the MCC(0.25g) treated water declined significantly from filtration, double filtration and solar disinfection with respect to time(after 3 hours of solar disinfection) from 0.054(91.3%) to 0.01(98.4%). The microbial loads also declined progressively at filtration to zero growth after the second and third hours of solar disinfection. All concentrations cause reduction in the pH value from 8.64 to 7.70, 7.60, 7.41 and 7.40 for the concentrations 0.062g, 0.125g, 0.25g, and 0.5g respectively at bio coagulation phase. The pH of the MCC declined to 7.30 and remains stable throughout solar disinfection phase. The taste of the of the water was non objectionable after the entire process of purification. 
DISCUSSION

Moringa oleifera water treatment protocol in this study was observed to produce high quality water. However, it was not alone able to provide 100% bacteria free water immediately after treatment and was therefore  was augmented with solar disinfection treatment  to meet up with such stringent demand.
Bio coagulation phase of turbid well water purification
The minimal coagulation concentration (MCC) as shown in Table 4 is 0.25g per 1.5litres of turbid well water or 3 tablets in 9 litres of the turbid well water which agreed with the findings of Magaji et al.,(2015). Several trials on different concentrations of the tablet in coagulation of water of the same turbidity were carried out before selecting 0.25g to be the MCC. The selection begins from the lowest concentration 0.0625g, 0.125g, 0.25g to 05g being the highest concentration. 0.0625g removes turbidity by 62.9%, 0.125g by 64.5%, 0.25g by 91.3% and 0.5g by 91.8% respectively. These results also agreed with the works Abaliwano et al. (2008) as well as Ndabigengesere and Narasiah (1998). The lowest concentrations of Moringa oleifera tablet (MOT) 0.0625g reduces the bacteria load by 31.5% and 21.8%, of the Total plate counts and Coliform counts respectively. 0.125g reduces the bacterial load by 68.5% and 47.5% of the Total plate counts and Coliform counts respectively. 0.25g reduces Total plate count by 84.8% and Coliform count by 91.1%, while 0.5g by 92.7% and 95.0% of Total plate cells and Coliform counts respectively after 3 hours of bio coagulation; this result support the findings of  Abaliwano et al., (2008). The pH reduction shows no significant difference with respect to differences in concentrations of the tablet; however, each concentration shows a marked reduction in the pH of the turbid water with increase in time during the process of bio coagulation. Therefore, following the report by Abaliwano et al., (2008) and Rolim et al., (2011), which agrees with the findings of this study, 0.25g of the MOT was therefore selected as the MCC. 
The filtration phase of purification using the Minimal Coagulation Concentration
A 96.3% decrease in turbidity was achieved in the primary filtration and 97.9% decrease in turbidity in the secondary filtration tank when bio treated using 0.25g of MOT in the filtration tank as shown in table 5. 87.6% reduction in the Total bacterial cells and 92.6% reduction in Coliform count was also achieved from the filtration of the same bio treated water in the primary filtration as well as 91.5% reduction in Total plate count and 97.0% reduction in Coliform count in the secondary filtration as shown in table 5; this concur with the findings of Schwarz (2000) that the process of flocculation remove about 90 – 99% of bacterial cells which are normally attached to the solid particles.

The solar disinfection phase of purification

At 420C, 97.1% decrease in the Total bacteria cells and 99.0% reduction in Coliform count was achieved when bio treated water using 0.25g MOT was exposed to solar disinfection for 1 hour. The synergistic effect of both the MOT and solar disinfection after the second and third hours of solar disinfection at 45.20C result in no growth of both Total plate cells and Coliform count as shown in table 5. This shows that MOT potential to efficiently disinfect water must be accompanied by additional solar disinfection. Oluduro and Aderiye (2007) noticed a secondary bacterial growth in the water sample treated with Moringa seed after storage and thought it was due to the presence of some bacterial cell which partially inactivated during the treatment. This could also be accounted to the fact that Moringa seed is rich in organic carbon by which the surviving organisms utilises as energy source.
Moringa oleifera tablet was successfully utilized to pre-treat water to reduce extensively bacterial load in the implementation of an additional treatment procedure; this agrees with Magaji et al.,2015 and Bergman et al., 2008, since the chlorine –base disinfection react with the natural organic matter, exerting a chlorine demand which is the precursor to the emergence of chlorination by-products e.g. carcinogenic trihalomethane. The use of alum also requires pH modification and is said to cause Alzheimer in children. The use of MOT in conjunction with application of alum or chlorine-base disinfection is therefore not recommended.

Effect of the treatment on pH value of water  

The dosage level of MOT used in treatment of the turbid well water on the pH was all positive as shown in table 4. The pH of the turbid well water reduced from 8.64 to 7.41 after 3 hours of bio coagulation in the coagulation tank, and remain constant at 7.40 in filtration phase and then reduces to 7.30 after solar disinfection leaving the pH value at the range within WHO standard which is 6.5-8.7.(WHO guideline for drinking water 2008). According to Ndabigengesere and Narasiah (1998), the seed contain water soluble positively charged protein by which the functional group (carboxylic group) of the side chain of the protein contribute to water clarification and the mechanism of the coagulation consist in the absorption and neutralization of the colloidal positive charges that attract the negative impurities in the water. These findings agreed with the findings of Sotheewaraan et al., (2011) 
Temperature of the treated water        

Temperature value reported during the bio purification process were all within the range recommended by WHO (2008) as shown in table 4 and 5. High temperature required for solar disinfection was achieved as most coagulant performs less effective when the temperature is high (Bergman et al., 2008)

Taste of the treated water
The taste of Moringa on the water treated in the treatment plant was observed to be insignificant and soon disappear conforming to the findings of Sengupta et al.,(2012) that the smell and taste effect of Moringa on water is very small even for maximum Moringa seed dose(0.0625g-0.5g). This is however in contrast to chlorine and alum whose taste persists in the water for a longer period of time and it is well established that people detest the strong odour and unpleasant taste associated with free chlorine in water.

Effect of treatment on bacteria in the treated water

The macroscopic characteristic (colour, elevation, size, margin, consistency), microscopic characteristic(motility, shape, Gram reaction) and biochemical characteristic(Citrate, Indole, Triple Sugar Iron Agar,Catalase), Cheesbrough (2006) as shown in table 6 shows that the bacterial isolates from the treated water in the treatment plant using MOT includes E coli, Proteus spp, Streptococcus spp,Klebsiella spp, and Salmonella spp. The implication of these organisms present in the water is their ability to cause infection. E coli causes acute watery diarrhoea, dysentery-like diarrhoea with blood and mucous in the stool and haemorrhagic colitis, Haemorrhagic Uremic Syndrome due to its ability to produce Shiga toxin I and II. Klebsiella pneumoniae occasionally cause a serious form of pneumonia in human, Proteus spp causes wound infection and infection of the urinary track, Streptococcus spp are associated with bacterial endocarditis while other Streptococcus spp cause pneumonia, pneumococcal meningitis and dental caries. Salmonella spp causes typhoid fever.

Percentage frequency of occurrence of the isolate in the treated water
Some Salmonella spp, Proteus spp, and E coli were resistant to the treatment at bio coagulation after 3 hours in the bio coagulation tank and Salmonella spp persisted to both primary and secondary filtration but in a marked reduced numbers; thus this findings agreed with Oluduro and Aderiye (2007) who noticed a 98.4% bacterial re-growth of Salmonella Typhi in water treated with Moringa oleifera after storage. No organism is shown to grow however after 3 hours of solar disinfection.
CONCLUSION
There is little or no work on Moringa seed as a bio coagulant in its industrial application at standardized and commercialized dosage level even though it is a potential viable alternative water treatment agent for the conventional cost effective inorganic coagulant (alum).  The use of the tablet is more precise than the powder and obviously much easier to use than the traditional coagulant (alum) owing to the fact that the modification of pH level is not mandatory as seen in the conventional coagulation process. Moringa tablet is effective and efficient in biocoagulation and bio disinfection. However the inclusion of filtration and solar disinfection aid the further purification of the water to WHO standard.
Table 1: Effect of water purification Moringa- based tablets on the physicochemical property and bacterial loads of treated turbid well water during the determination of minimal coagulation concentration (MCC).

	Phases 
	Sample 
	Conc (g)/1.5L
	No of tablet/9litres
	Time (hr)
	Turb (NTU)
	%Dec in Turb
	pH
	TPC x 102     
	CC x 102     
	%Dec in TPC
	%Dec in CC
	Coagulation efficacy

	
	Control
	NA
	NA
	0
	0.620
	NA
	8.64
	NA
	NA
	NA
	NA
	NA

	
	Control
	NA
	NA
	3
	0.260
	58.1
	7.72
	7.12
	2.02
	100
	100
	NA

	Bio 
	A
	0.0625                
	¾
	3
	0.230
	62.9
	7.70
	4.88
	1.58
	31.5
	21.8
	-

	
	B
	0.125                  
	½
	3
	0.220
	64.5
	7.60
	2.24
	0.86
	68.5
	47.5
	+

	
	C
	0.25                    
	3
	3
	0.054
	91.3
	7.41
	0.108
	0.18
	84.8
	91.1
	++

	
	D
	0.5
	6
	3
	0.051
	91.8
	7.61
	0.052
	0.10
	92.7
	95.0
	++


Key:
NA= Non applicable, %Dec = Percentage decrease, NTU= Nephelometric turbidity unit, Conc=Concentration, Turb= Turbidity
Bio= Biocoagulation
Table 2: Effect of Moringa seed tablet on well water at the trials phases of biocoagulation, filtration and solar disinfection using the pilot scale water purification system
	Physicochemical Analysis
	Bacteriological Analysis

	Phases
	Sample 
	Conc (g)
	Time (hr)
	Turb (NTU)
	% Dec in Turb
	taste
	pH
	Tempt (00C)
	TPC x 102  cfu/ml   
	CC x 102  cfu/ml   
	%Dec in TPC
	%Dec in CC

	
	Control
	Nil
	0
	0.620
	NA
	NA
	8.64
	26.1
	NA
	NA
	NA
	NA

	
	Control
	 Nil
	3
	0.260
	58.1
	NA
	7.92
	26.0
	7.12
	2.02
	NA
	NA

	Bio
	
	0.25                
	1
	0.073
	88.2
	NA
	7.70
	26.0
	1.48
	0.44
	79.2
	78.2

	
	
	0.25                
	2
	0.073
	88.2
	NA
	7.62
	27.0
	1.16
	0.38
	83.7
	86.1

	
	
	0.25                    
	3
	0.054
	91.3
	NA
	7.41
	28.0
	1.08
	0.18
	84.8
	91.1

	
	
	
	
	
	
	
	
	
	
	
	
	

	Pri fil
	F1
	NA
	NA
	0.023
	96.3
	NA
	7.40
	NA
	0.88
	0.15
	87.6
	92.6

	Sec fil
	F2
	NA
	NA
	0.013
	97.9
	NA
	7.40
	NA
	0.60
	0.06
	91.5
	97.0

	Solar
	SD1
	NA
	1
	0.010
	98.4
	NA
	7.30
	42.0
	0.11
	0.02
	97.1
	99.0

	
	SD2
	NA
	2
	0.010
	98.4
	NA
	7.30
	44.5
	NG
	NG
	NA
	NA

	
	SD3
	NA
	3
	0.010
	98.4
	NA
	7.29
	45.2
	NG
	NG
	NA
	NA


Keys: NA= Non applicable, SD= Solar disinfection, F= filtration, %dec in turbidity= percentage decrease in turbidity, Non obj= non objectionable Pri fil=primary filtration, Sec fil = secondary filtration, Bio= biocoagulation, turb= turbidity, Conc= concentration

Table 6:  Macroscopic, microscopic and biochemical characteristic of some bacterial isolates from the turbid    well water treated with 

MOT using a locally fabricated water purification system 

	Microscopic characteristics
	Biochemical characteristics 
	Microscopic characteristics  

	Sample code
	Colour
	Elevation
	Size (mm)
	Consistency
	Mot
	Citrate
	Indole
	TSIA
	Catalase
	Gram rxn
	shape

	
	
	
	
	
	
	
	
	Slope
	Butt
	H2S
	Gas 
	+
	+
	cocci

	A
	Milk                 
	convex
	0.3
	Slimy
	-
	-
	-
	-
	-
	-
	-
	-
	-
	rod

	B
	Milk
	convex
	0.41
	Slimy
	-
	+
	-
	Y
	Y
	-
	+
	-
	-
	rod

	C
	Milk
	convex
	0.39
	Slimy
	+
	-
	+
	Y
	Y
	-
	+
	-
	-
	rod

	D
	Milk
	convex
	0.22
	Slimy
	+
	+
	-
	R
	Y
	-
	+
	-
	-
	rod

	E
	Milk
	convex
	0.35
	Slimy
	+
	+
	-
	R
	Y
	-
	-
	-
	-
	rod


Keys:         
A – Streptococcus spp
B – Klebseilla spp
C ​- Escherichia coli 
D – Proteus spp
E – Salmonella spp
TSIA –Triple Iron Sugar ,    Mot – Motility test

Table 7: Frequency of occurrence of bacterial isolates undergoing biocoagulation following treatment with Moringa tablet in using pilot scale water treatment system
	Concentration (g)
	Process
	Time 
(hours)
	Escherichia coli
	Proteus sp
	Kliebsiella sp
	Salmonella sp
	Streptococcus sp
	Percentage occurrence

	Turbid water
	NA
	NA
	+
	+
	+
	+
	+
	100

	0.25
	Bio
	3
	+
	+
	-
	+
	+
	80

	
	Pri fil
	NA
	+
	+
	-
	+
	-
	60

	
	Sec fil
	NA
	+
	-
	-
	+
	-
	20

	
	SD
	3
	-
	-
	-
	-
	-
	0


Keys:

NA = non applicable

Bio = biocoagulation 

Pri fi = primary filtration

Sec fil = secondary filtration

SD = solar disinfection

Table 8: Effect of Moringa oleifera Tablet on turbid well water in comparison with WHO (2008) Guidelines for drinking water

	Physicochemical Analysis
	Bacteriological Analysis

	Agent
	Conc (g/1000ml)
	Time (hr)
	pH
	Taste
	Turbidity
(NTU)
	%Dec in turb
	TPC (cfu/ml)
	%Dec in TPC
	CC   cfu/ml   
	CC  cfu/ml   
	%Dec in CC

	Raw water
	0
	0
	8.64
	0bj
	0.62
	NA
	7.12x102                   
	NA
	2.02x102                        
	-
	N.a

	SDT
	0.25
	3
	7.29
	Non obj
	0.010
	98.4
	 NG
	NA
	NG
	-
	100.00

	WHO standard
	N.a
	N.a               
	6.5-8.5
	-
	0.010
	N.a
	10cfu/100ml
	-
	0cfu/ml
	-
	N.a


Keys:

MOT= Moringa oleifera tablet, Obj =objectionable, Non obj= non objectionable, Conc= concentration, Dec= decrease 
SDT = solar disinfection tank, NG =No growth, N.a =not applicable
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