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Abstract 

In the treatment of water purification, one of the most important 

unit operations is the coagulation-flocculation, because it is 

responsible for turbidity removal. Aqueous extracts of Moringa 
oleifera seeds prepared in saline solution have demonstrated 

their effectiveness in coagulation of turbid waters; however, 

few studies have been reported to seawater as a possible 

substitute of saline solution. In this work, treatability tests were 

carried out to verify the behavior of the seeds of M. Oleifera 

when are prepared in different solvents, such as distilled water, 

saline solution (1% NaCl) and seawater. A factorial design of 

33 was used in this study. The factors considered in the three 

(3) levels were initial turbidity of the treated samples, the type 

of solvent, and the coagulant doses. The results showed that the 

samples treated with extracts prepared with saline solution and 

seawater had the best removal efficiencies, especially when the 

initial turbidity of the water is greater than 150 NTU. Similarly, 

it was demonstrated that seawater is an excellent option as a 

solvent in the preparation of natural coagulants. 

Keywords: Moringa oleifera, turbidity, coagulant activity, 

seawater. 

 

I. INTRODUCTION  

To obtain drinking water for human consumption, raw water 

treatment is needed. Nevertheless, one of the issues with 

surface water treatment is the large seasonal variation in 

turbidity [1]. Turbidity elimination in water is possible thanks 

to use of synthetic products, which are often expensive and 

require high doses to reduce high turbidity of raw water during 

rainy seasons; thus, demonstrating low profitability in 

conventional purification treatment [2]. On the other hand, 

continuous use of chemical substances in water treatment is 

currently being associated with public health and 

environmental problems [3], [4]. In contrast to synthetic 

coagulants, use of natural coagulants of plant origin for water 

purification dates to many centuries ago. It is known that 

Strychnos potatorum (Nirmali seeds) was used as a clarifier for 

murky river waters between the fourteenth and fifteenth 

centuries BC; and in India, they were used about 4000 years 

ago [5]. Recent studies have shown that Moringa oleifera seed 

powder can reduce low and high turbidity values in surface 

waters [6] - [9]. Generally, natural coagulants are 

biodegradable, and their use is possible in developing 

countries, since they can be grown locally and have a wide 

effective dosage range for treatment of different colloidal 

suspensions in raw waters [10] without significantly altering 

pH and alkalinity of samples after coagulation [9], [11], [12]. 

Even, recent studies consider that coagulant extracts of M. 
oleifera can be a suitable alternative for partial replacement of 

aluminum sulfate in the raw water treatment of slow bodies 

such as swamps or reservoirs [13]. 

Moringa Oleifera Lam (Moringa Pterygosperma Gaertn) is the 

best known and used species from the Moringaceae botanical 

family. A tree native to the sub-Himalayan regions of 

northwestern India currently and widely cultivated in countries 

in Africa, Arabia, Southeast Asia, the Pacific, South America 

and many Caribbean islands [14].  

Moringa oleifera seeds without husks contain proteins (27% to 

36.7%), lipids (21% to 34.6%) and carbohydrates (5% to 5.5%) 

[15], [16] and, their active components responsible for the 

flocculant processes in murky waters, are basic polypeptides 

with molecular weights ranging from 6000 to 16000 Daltons, 

being mainly the amino acids: glutamic acid, proline, 

methionine and arginine [17]. On the other hand, it has also 

been reported that in aqueous extracts of Moringa oleífera 

seeds, the active components are protein dimers with molecular 

weights of approximately 13,000 Daltons and with an 

isoelectric point between 10 and 11. [18]. [19] found that 

molecular weight of the active components of the Moringa 
oleifera seed is 6000 Daltons, with a content of 8 amino acids 

(13.1%), 7 arginines and 1 histidine with positive charges, and 

only a residue of aspartic acid (1.6%) with negative charge.  

Consequently, the protein in aqueous solution has a high 

positive charge. Equivalent results were reported by [20] 

mentioning that the active component, responsible for 

coagulation is not a single homogeneous protein, but a protein 

mixture with similar physical characteristics. Correspondingly, 
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it has been reported that turbidity removal in raw water occurs 

by charge neutralization using the electrostatic patch 

mechanism [19]. Moringa oleifera seeds also have 

antimicrobial properties capable of eliminating pathogens such 

as fecal and total coliforms [21], the compound 4- (4'-O-acetyl-

α-L-ramnopyranosyloxy) - Benzyl isothiocyanate has been 

identified as active antimicrobial agent which is the only 

currently known mustard oil glycoside. [22]. 

Extraction of the natural coagulant from Moringa oleifera 

seeds shows a greater coagulant capacity when prepared in 

1.0M aqueous solution of NaCl. The above is due to the 

increase in ionic strength in the solution, which increases 

solubility of the active components and improves their ability 

to neutralize surface charges in the particles in solution [23]. 

The objective of this research study was to examine behavior 

of the seeds of Moringa oleifera prepared with seawater 

compared to other solvents for the removal of turbidity from 

shallow raw water. 

 

II. METHODOLOGY 

A. Water samples 

Samples were prepared by collecting tap water from the 

aqueduct and artificially clouded it with gray kaolinite, until the 

three-initial turbidity proposed in the experimental design were 

reached. Treatability tests were conducted at the water and soil 

laboratory from Sucre University, in Sincelejo City, Colombia. 

For the coagulant preparation in seawater, the sample was taken 

in the Gulf of Morrosquillo, at coordinates: 9°25´36” North and 

75°38´16” West. 

 

B. Preparation of Coagulant Extracts 

Moringa oleifera seeds were dried outdoors for 12 hours, then 

ground in an industrial mill and screened in a mesh No. 30 

(0.60mm) according to the Tyler series, until reaching a fine 

powder [9], [12]. Later, 30.0g of Moringa oleifera seed powder 

was dissolved in three 1.0-liter volumetric flasks (10g per flask) 

with distilled water, 1.0% sodium chloride saline solution (w/v) 

and seawater (w/v), respectively. Solutions were mixed with 

magnetic stirring for 1 hour, centrifuged at 3,500 rpm for 10 

minutes and filtered under vacuum with cellulose filter paper. 

Filtrates were labeled as coagulant extract in distilled water, 

saline solution with a concentration of 10,000 mg/L and 

solution in seawater. Solutions were kept refrigerated at 4°C 

until application [12]. 

 

C. Jar Testing 

To determine percentage of turbidity removal of each coagulant 

extract, jar testing was performed in an E&Q Flocculator model 

F6-330-T. Three (3) doses of each extract were applied to each 

raw water sample. Rapid mixing process was maintained at 200 

rpm for 1 minute, followed by a slow mixture at 40 rpm for 20 

minutes, and a 30-minute settling time [24], [25]. 

Turbidity of all water samples was measured in triplicate before 

and after the jar testing. This was measured with an ORION 

AQ3010 turbidimeter. Similarly, salinity and conductivity of 

coagulant extracts were measured following measurement 

protocols from the Standardized Methods for the Analysis of 

Drinking and Residual Water according to the American Public 

Health Association [26]. In all jar tests, targets were performed 

to verify activity of coagulant extracts and turbidity removal, 

estimated with the following equation [27], [28]: 

 

%Removal =  
𝑇𝑖− 𝑇𝑓

𝑇𝑖
∗ 100                        (1)  

Where Ti represents initial turbidity of sample and Tf the final 

one. 

 

D. Experimental Design 

A 33 experimental design was carried out; i.e., out of 3 variables 

in 3 levels: Initial turbidity of raw water (50 NTU, 150 NTU 

and 300 NTU), Solvent of extracts (distilled water, saline 

solution and seawater) and applied dose (10mg/L, 20mg/L and 

30mg/L). The response variable measured before and after the 

treatment train was Turbidity. Statgraphics Centurion XVI 

Software (Version 16.0.07) was used to analyze results and an 

ANOVA was applied with a 95% confidence level. For cases 

where there was a significant difference between treatments, 

multiple range tests were performed to determine which means 

are significantly different from others [29]. 

 

III. RESULTS 

Concentration of salinity and conductivity of solvents used in 

the preparation of coagulant extracts, are shown in Table 1. 

Table 1. Saline concentration and solvent conductivity for M. 
oleifera seeds. 

Solvent Salinity 

(% chlorides) 

Conductivity 

(mS/cm) 

Distilled water 0.00 0.00 

Saline solution (NaCl) 0.98 16.77 

Seawater 2.85 44.20 

 

It is normal that distilled water does not have saline 

concentration and conductivity, because in its distillation 

process there is no entrainment of electrolytes and mineral salts 

present in natural water and, it simply remains as purified 

water. Concentration of chlorides in the saline solution is as 

expected, because a concentration of 10 g/L of salt in water is 
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equivalent to a concentration of 1% saline solution. Seawater 

salinity is much higher than the concentration of the saline 

solution, 2.85. Correspondingly, its conductivity is 

proportional to concentration of chlorides. The above is mainly 

due to high concentrations of Ca++, Mg++ and K+ typical of 

seawater [30]. 

Tables 2, 3 and 4 show the results found for the proposed 

experimental design to verify removal efficiency and coagulant 

activity of the Moringa oleifera seeds dissolved in distilled 

water, saline solution and seawater. 

 

Table 2. Treatability Results using M. Oleifera Seeds in 

distilled water. 

Initial Turbidity  

Raw Water (NTU) 

Dosage 

 (mg/L) 

Final Turbidity  

 (NTU)  

50,36 10  50,73 ± 1,76 

20  44,27 ±  2,13 

30  43,43 ±  1,61 

148,66 10  21,83 ± 2,70 

20  22,67 ± 0,80 

30  27,00 ± 0,10 

300 10  125,67 ± 3,78 

20  85,07 ± 1,19 

30  66,70 ± 0,70 

Mean concentration ± Standard deviation 

 

From results shown in Table 2, it can be verified that natural 

seed coagulant of M. oleifera dissolved in distilled water shows 

very low removals when the initial turbidity is equally low. 

Nonetheless, turbidity removal increases as the initial turbidity 

of raw water also increases. None of the final turbidity values 

shown comply with the turbidity value required by Colombian 

sanitary regulations, since all are much higher than 2.0 NTU 

([31] MINANMBIENTE, 2007). Except for the final turbidity 

achieved in the raw water of 300 NTU, it could be seen that the 

coagulant doses applied do not significantly affect the final 

turbidity after treatment, which allows to infer that coagulant 

activity of the seeds of M. Oleifera is low when distilled water 

is used as a solvent. 

 

 

Table 3. Treatability Results using M. Oleifera Seeds in 

Saline Solution.  

Initial Turbidity  

Raw Water (NTU) 

Dosage 

 (mg/L) 

Final Turbidity   

(NTU)  

50,2 10  22,33 ± 0,96 

20  24,63 ± 0,50 

30  26,73 ± 0,28 

150 10  25,80 ± 1,31 

20  31,10 ± 1,32 

30  39,43 ± 1,55 

307,66 10  27,13 ± 1,76 

20  19,13 ± 0,25 

30  22,10 ± 0,17 

Mean concentration ± Standard deviation 

 

Table 4. Treatability Results using M. Oleifera Seeds in 

Seawater. 

Initial Turbidity  

Raw Water (NTU) 

Dosage (mg/L) Final Turbidity 

  (NTU)  

53,63 10  37,03 ± 1,53 

20  41,60 ± 0,43 

30  42,10 ± 0,10 

147 10  23,63 ± 0,23 

20  35,03 ± 0,41 

30  47,50 ± 1,48 

307,33 10  19,43 ± 0,73 

20  20,57 ± 0,40 

30  27,63 ± 0,87 

Mean concentration ± Standard deviation 

 

Based on the results shown in Tables 3 and 4, average values 

found for the final turbidity, when saline solution and seawater 

were used as solvent, are very similar when turbidity of the raw 

water was 150 NTU and 300 NTU, but different in turbidity 

tests of 50 NTU. Coagulant doses directly influenced final 

turbidity of all samples in an inversely proportional manner, 

i.e., that the lower dose (10 mg/L) achieved the best turbidity 

removals, both for samples treated with saline M. oleifera as in 

seawater. Nonetheless, all the final turbidity values found 

remained higher than the value required by the Colombian 

sanitary regulations.  
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 In Figures 1 to 3, the removal efficiencies of each coagulant 

extract prepared with M. oleifera seeds are shown. 

 

 

 

 

Fig. 1. Removal efficiency of M. oleifera in raw water with turbidity of 50 NTU. 

 

 

Fig. 2. Removal Efficiency of M. oleifera in raw water with turbidity of 150 NTU. 

 

 

Fig. 3. Removal efficiency of M. oleifera in raw water with turbidity of 300 NTU. 
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ANOVAS were carried out to verify whether there are 

statistically significant differences in turbidity removals when 

the three different coagulant extracts were used at each initial 

turbidity of the raw water samples tested. Results are shown in 

Table 5. 

 

Table 5. P-value of the ANOVAS carried out for turbidity 

removal tests. 

Initial Turbidity 

 (NTU) 
50 150 300 

P-value 0.0001 0.1535 0.004 

 

Since P-value from turbidity removals for raw water tests of 

50 NTU and 300 NTU are less than 0.05, there are 

statistically significant differences between the means of the 

results found for these two treatments, i.e., type of solvent 

used for preparing M. oleifera seed extracts influences the 

turbidity removals achieved in jar tests. The multiple range 

test allowed to establish that when saline or seawater is used, 

there are no statistically significant differences between the 

removals obtained, but if there are significant differences 

when using distilled water, this extract is the one with the 

lowest efficiency of removal turbidity. These results are 

similar to those found by [32], who demonstrated that the 

coagulant extracted using saline and seawater as solvent has 

a removal capacity like that from aluminum sulfate, and the 

lowest removal is when water is used distilled as solvent. 

Nonetheless, for turbidity of raw waters with 150 UNT there 

are no statistically significant differences, since P-value was 

greater than 0.05.  

Generally, greater turbidity removal efficiencies were 

achieved in raw water samples with high initial turbidity and 

with extracts prepared with saline solution, either NaCl or 

seawater. This behavior can be explained by the increased 

solubility of proteins responsible for the coagulant effect by 

the addition of salts, also known as the salting effect [33]. 

This mechanism suggests the breakdown of protein-protein 

or protein-polysaccharide or other existing associations in 

the Moringa Oleifera seed powder, thereby increasing 

soluble proteins in saline solutions resulting in an increase 

in their coagulant activity, the solutions of sodium chloride 

and seawater act, therefore, better than distilled water [32]. 

In that sense, [34] carried out similar tests using extracts of 

M. oleifera with KCl saline solution, of 1 Molar 

concentration, demonstrating better turbidity and color 

removal efficiencies in the tests than when distilled water 

was used as solvent. 

 

 

IV. CONCLUSIONS 

Moringa oleifera seeds achieved excellent turbidity and 

coagulant activity removals in high turbidity raw water 

samples, i.e., the more turbid the raw water is, the better 

performance will be obtained from this coagulant extract, even 

independently of the dose applied in treatments. Nevertheless, 

in none of the trials was it possible to obtain the turbidity 

required by Colombian sanitary regulations, which demands 

complementing coagulation-flocculation treatment with 

sedimentation and filtration. Finally, it is necessary to prepare 

seeds in saline extract, since this aqueous medium potentiates 

the effect of proteins responsible for coagulant activity of the 

seeds of M. oleifera. In this study, no statistically significant 

differences were found in the increase in coagulant activity 

when aqueous NaCl solution or seawater was used in the 

preparation of extracts, i.e., seawater can be used as a 

replacement for saline solutions and obtain similar effects in 

the removal of turbidity in raw water, particularly when its 

concentration is greater than 150 NTU. 
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