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Abstract
Objective: To verify storage and storage time influence of Moringa oleifera seeds in coagulant activity when used for 
natural raw watertreatment. Methods/Analysis: Two types of coagulant extracts with high turbidity levels (105, 202, and 
410 NTU) were applied to raw water samples taken from Sinú River in Colombia. Coagulant “A” was prepared with Moringa 
oleifera seeds stored and preserved for 6 months and, coagulant “B”, prepared with seeds stored for 4.5 years. Three 
different doses of each coagulant were used (15, 30 and 60 mgL-1) according to a 32 experimental design. Findings: Although 
coagulant extracts’physical appearance was different, coagulant activity between the extractsshowed no statistically 
significant differences. A 30 mg L-1 optimum dosein raw water allowed for the attaintment of turbidity removals greater 
than 95%, regardless of coagulant type. As a result, the greater the raw water turbidity, the greater efficiencies achieved 
with extracts of Moringa oleifera seeds. Application: Based on results obtained,it is possible to assertthat seeds stored in 
dry containers and at room temperature can be used as a coagulant in a time period less than or equal to 4.5 years.
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1. Introduction
At present, natural products are being widely researched 
due to their effectiveness and use advantages over syn-
thetic products. Research with vegetable coagulants 
such as Guazuma ulmifolia, Opuntia ficus, Manihot 
esculenta, Tamarindus indica, Pithecellobiumsaman, and 
Moringaoleifera have reported turbidity removal per-
centages greater than 80%1. Fruit husk residues from 
thecoconut tree, used as a coagulant, can achieve high 
removals of Total Suspended Solids (up to 76.81 TSS% 
removal), Biochemical Oxygen Demand (up to 49.10 
BOD% Removal) and Chemical Oxygen Demand (up to 
59.38 COD % removal)2. Moringa oleifera seed extracts 
have antimicrobial effects on Staphylococcus aureus, 
Vibrio cholerae, Escherichia coli and Salmonella entereti-

dis3.Similarly, many plant extracts have fungicidal 
activity4. Agricultural waste can be used as an adsorbent 
material in heavy metals removal for being less expensive, 
readily available,requiring little processing, and having 
good adsorption capacity5,6. Heavy metals have a persis-
tent nature which makes themsome of the main and most 
extensive pollutants groups in water7. Extracts of Moringa 
oleifera seed are some of the most efficient natural coagu-
lants in the technical literature. They have achieved up to 
99% coagulant activity in turbidity removal in raw water 
treatment from rivers8,9. Nonetheless, several research-
ers agree that coagulant activity efficiency depends onthe 
initial turbidity of water samples8–11 and,the solution in 
which the coagulant is prepared. The use of saline solu-
tion in preparation of Moringa oleifera coagulantis 
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advised due to its proven contribution to the coagulant is 
extract efficiency10–12.

Advantages of using Moringa oleifera seed as a 
coagulant are mainly due to its high biodegradability, 
non-toxicity, and natural buffering capacity, thus, pH and 
alkalinity adjustments are not required during treatment; 
and because of low production of coagulation sludge 
compared to residual sludge produced by Aluminum 
Sulphate13,14. Overall, many natural products effectiveness 
could depend on storage conditions, extraction methods 
and preservation temperatures15. Researchers, such as16 
tested different storage conditions; temperature (open 
container at 28 °C and closed container at 3°C) and storage 
times of Moringa oleifera seeds (1, 3 and 5 months). They 
showed that coagulation effectiveness with Moringa 
oleifera is independent of storage temperature and 
container;still, it decreased as storage duration increased. 
On the other hand17, agrees that coagulation effectiveness 
with Moringa oleifera is independent of storage condi-
tions, but asserts that storage time of coagulant solution of 
Moringa oleifera saline extracts does not adversely affect 
removal efficiency of turbidity and color.This study aimed 
at verifying the storage effect of Moringa oleifera seed for 
long time periods on the efficiency of the coagulant effect 
in raw water samples of different turbidity.

2. Materials and Methods

2.1 Samples of Raw Water 
Raw water samples were taken from the Sinú Riverpassing 
alongside the Mocari neighborhood in the Monteria 
municipality, department of Córdoba, Colombia, between 
February and July 2017. Turbidities were 105, 202 and 410 
NTU of the three samples respectively.

2.2 Coagulant Extract Preparation
Two types of Moringa oleifera seed coagulants were pre-
pared. Type a Coagulant, prepared from seeds with a 6 
months storage time and, type Bcoagulant, prepared from 
seeds with a 4.5 years storage time. Seeds stored at room 
temperature (30°C) and in a dry container were ground in 
a Corona hand mill, obtaining a fine powder later sieved 
in a 0.6 mm mesh Grain Test (Number 30 according to 
Tyler ATSM series E-11/2004). Then, 10.0 grams of seeds 
type A and type B were taken and dissolved in two differ-
ent containers with 1.0% saline solution (w/v) up to1 liter. 

Solutions were initially mixed for 1 hour with a magnetic 
stirrer Schott E and Q AMPC-1, then filtered using cellu-
lose filter paper8,9. The filtrate was labeled as a coagulant salt 
extract (SCE 10,000 mg L-1) and kept refrigerated at 4°C18.

2.3 Jar Test 
Moringa oleifera seed extract was applied as a coagulant 
in 15, 30 and 60 mg L-1 doses to each raw water sample. 
This procedure was carried out for both type A and type 
B coagulants. EyQ F6-300-T jar test equipment was used 
and set up with six rotating blades and the same num-
ber of beakers (1000 mL each). Rapid mixture rotational 
speed was 200 rpm per 1 minute (170 s-1 speed gradient), 
followed by a slow mixture of 40 rpm per 20 minutes (22 
s-1 speed gradient) and a 30 minute sedimentation time9,19. 
A blank was used to verify the natural coagulants activity 
and the turbidity removal in all jar tests.This was calcu-
lated using the following equation18,20,21.

Equation (1)

2.4 Experimental Design 
A 32 factorial design was applied to the experimental 
design. Two factors were evaluated at three levels each, for 
a total of 18 tests (9eachfor both types of coagulants) plus 
3 controls. The initial turbidity of raw water and applied 
doses of coagulant were thefactors analyzed based on 
Moringa oleifera seeds. This design was done to determine 
each factoreffect, i.e., change in response (in this case, the 
coagulant activity of Moringa oleifera), produced by a 
change in factor level. The Analysis of Variance (ANOVA) 
was the statistical tool implemented for data analysis, 
using R program and the Statgraphics Centurion XVI 
(Version 16.0.07). The statistical significance level was set 
up at p<0.05for all statistical analyzes21.

3. Results and Discussion
Visual characteristics of the two types of coagulant, pre-
pared with seed from the different storage time periods, 
are shown in Figure 1. The study showed that type B 
coagulant, i.e., prepared with seeds with a 4.5 years stor-
age time, had a less turbid and less lumpy appearance than 
type A coagulant extract. That proves the maturity of the 
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seeds drying used for this extract. Nonetheless, coagulant 
type A has a fresh and more whitish appearance than type 
B coagulant. Table 1 presents the results of the experi-
mental design according to the proposed methodology. 
Highest turbidity removal efficiencies, due to coagulating 
activity of Moringa oleifera seed extracts, were observed 
when initial turbidity of raw water samples was 202 NTU 
and 410 NTU. Nonetheless,the best dose or optimum dose 
was achieved at 30 mg L-1 for all raw water turbidities;with 
a coagulant activity higher than 95% in all tests, regard-
less of coagulant type used. These results are analogous 
to those reported by other authors, both for raw natural 
water8-14,17,18,22 and wastewater23. The coagulant extract 
effectiveness of Moringa oleifera seeds in the water treat-
ment of high turbidity was proven again. Although there 
are no appreciable differences in coagulant activity of 
extracted seeds of Moringa oleifera for the treatment of raw 
water samples,an analysis of variance was applied between 
the results found for both types of coagulants. The aim 
is to check if there are statistically significant differences 
between the use of coagulant type “A” and type “B”; to con-
firm if the seed storage time influences the efficiency of 
the coagulant. Once assumptions compliance of normal-
ity, variances homogeneity and independence of ANOVA 
residuals calculated for the coagulating activity was veri-
fied, the analysis of variance was subsequently verified24. 
Results are shown in Table 2. It was found that P-value of 
Table 2 is equal to 0.90, therefore greater than 0.05, indi-
cating that there is no statistically significant difference 
between averages of the coagulant activity from type “A” 
and type “B” coagulants with a 95% confidencelevel25.

Table 1. Experimental design results (Jar test)

Factors Response: Coagulant Activity (%)
Turbidity 

(NTU)
Dosage 
(mg/L) Coagulant“A” Coagulant“B”

105
15 80.87 78.38
30 95.08 96.04
60 93.28 94.75

202
15 82.51 78.30
30 96.26 97.10
60 94.88 95.48

410
15 88.83 93.41
30 96.54 98.55
60 98.74 99.12

Table 2. Results of ANOVA for coagulant activity of 
Moringa oleifera

Source Sume of 
Squares

Degrees of 
Freedom

Average 
Squared

F-Ratio P-Value

Between 
Groups 0.95 1.00 0.95 0.02 0.90

Inside the 
Groups 857.25 16.00 53.58

Total 858.21 17.00

4. Conclusion
Even though visual characteristics from the two coagu-
lants are different, both extracts prepared with preserved 
seeds with different storage times showed no differ-
ence in the coagulating activity effectiveness; in a 
statistically significant way and with a 95% confidence 
level. Correspondingly, both coagulants are more efficient 
depending on initial raw water turbidity. The greater the 
turbidity, the greater the efficiency of coagulating extracts; 
regardless of time in which seed is stored, as long as the 
storage period is the same or less than 4.5 years and, the 
container is in dry environmental conditions.
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