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Statistical Optimization of Process Conditions for
Disinfection of Water Using Defatted Moringa
oleifera Seed Extract
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Abstract—In this study, statistical optimization design was used
to study the optimum disinfection parameters using defatted crude
Moringa oleifera seed extracts against Escherichia coli (E. coli)
bacterial cells. The classical one-factor-at-a-time (OFAT) and
response surface methodology (RSM) was used. The possible
optimum range of dosage, contact time and mixing rate from the
OFAT study were 25mg/1 to 200mg/1, 30minutes to 240 minutes and
100rpm to 160rpm respectively. Analysis of variance (ANOVA) of
the statistical optimization using faced centered central composite
design showed that dosage, contact time and mixing rate were highly
significant. The optimum disinfection range was 125mg/l, at contact
time of 30 minutes with mixing rate of 120rpm.

Keywords—E. coli, disinfection, Moringa oleifera, response
surface methodology.

1. INTRODUCTION

ISINFECTION is a very important step of water

treatment. Its ability to eliminate color, odor, and destroy
harmful pathogen makes it an integral part of municipal
drinking water treatment in order to achieve desired aesthetic
water quality. The use of chemicals such as chlorine or
chlorine related by-products, ozone became a vital aspect in
controlling microorganisms [1]. It’s been established that
chemical disinfectant produces byproducts mostly referred to
as disinfection-by-products. Chlorine produces disinfection
by-products, which are carcinogenic and harmful.
Trihalomethanes including carcinogen chloroform, halo
acetone derivatives that include dichloro and bromo-
acetonitrile are among the by-products detected. Results from
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a numbers of test systems indicate that halo-acetonitriles are
both mutagenic and carcinogenic [1]-[3]. Due to these
potentially hazardous by-products that arise, there is the need
to explore the use of natural occurring disinfectants as an
alternative to the conventional chemical disinfectant. As
awareness is increasing on the use of natural disinfectants,
drinking water industries require sustainable alternatives that
are cheap and readily available.

Moringa oleifera is the most widely cultivated species of a
monogeneric family, the Moringaceae that is native to the
sub-Himalayan tracts of India, Pakistan, Bangladesh and
Afghanistan. It is commonly referred to as the miracle tree
because of its multipurpose uses. Most of its parts are useful
for a good number of applications [4]-[8]. Moringa oleifera
seed kernels contain a significant amount of oil that is
commercially known as Ben oil. Moringa oleifera is a well-
known plant material locally used for the treatment of drinking
water. The crude extract of Moringa oleifera seed is
commonly used in water treatment and purification [9]. When
Moringa oleifera is compared with conventional chemical
coagulants, it has the following advantages: Its cost effective
as it is readily available, it produces bio-degradable sludge and
lower sludge volume, it does not produce harmful by-
products, it is easily handled as it is not corrosive and it does
not affect pH of water

In the light of the above advantages, Moringa oleifera is
environmentally friendly and available at low cost which can
be good alternative to chemical coagulants with a potential
application in water treatment in both developed and
developing countries [10]-[14]. Its seed extracts contain active
agents having excellent coagulation properties [15] and they
have also been reported to exert in vitro bactericidal activity
against both gram positive and gram negative bacteria in raw
water. Previous reports have also revealed that Moringa
oleifera seed extract contains a polypeptide “flo” which acts as
coagulant as well as exert an antibacterial effect on harmful
bacterial strains [16]. Also, an active antimicrobial agent 4 o
L-rhamnosyloxy-benzyl isothiocyanate was identified from
the seed extract and both defatted seed and normal shell seed
contains about 8-10% of this antimicrobial agent [17], [18].
However, there have been limited studies on the application of
the seed extract for disinfection purposes especially in
drinking water.

In this study, the objective was to establish the optimum
disinfection process conditions of defatted crude seed extract
using the classical one-factor-at-at-time and central composite
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design under the response surface
Escherichia coli (E. coli) bacterial strain.

methodology on

II. MATERIALS AND METHODS

A.Sample Preparation

Some quantity of Moringa oleifera seed powder after
defatting (removal of oil) is weighed and added to 1 liter of
distilled water and mixed at high speed of 6000rpm in a
centrifuge for 10 minutes then filtered to remove un-dissolved
particles with the filtrate used to make stock solution of
1000mg/L.

B. Water sample

Synthetic water was prepared by seeding about 1000
bacterial cells/ml of E. coli inside distilled water.

C.Microorganisms and Inoculum Preparation

E. coli cells were obtained from laboratory stock solution
will be inoculated into 10mL of LB broth. This was incubated
with shaking overnight at 37°C. The inoculum density of the
bacterial cells was determined using a haemocytometer and it
was used to maintain 1000cells/ml.

D.One-Factor-at-a-Time (OFAT)

Classical one-factor-at-a-time was used to determine
possible optimum range. The parameters studied were dosage,
time and mixing rate. The ranges of each parameter were
investigated at different levels.

E. Face Centered Central Composite Design

The process conditions determination was done using the
faced centered central composite design under response
surface methodology for E. coli bacterial strain. This design
was used to illustrate the nature of the response surface in the
experimental region and to elucidate the optimal
concentrations of the most significant variables. Three
variables were examined namely dosage, contact time and
agitation. The factors were examined at three different levels
(low, basal, high). The central composite design for three
variables is 20 experimental runs and 6 centre points were
carried out (Table I) and their observation were fitted to the
following second order polynomial model

Y=BO‘231X1+§2X2+33X3+B12X1X2+313X1X3+323X2X3+Bl X+
2Xo HP3X5 @))]

where Y is the dependent variable (Total Viable Count); X,
X,, X; are independent variables (dosage, contact time and
agitation); P, is the intercept term; P;, B, P; are linear
coefficients; B2, Bi3, Bo3 are the interaction coefficients and
Bii, B and B33 are the quadratic coefficients.
The developed regression model was evaluated by analyzing
the values of regression coefficient, ANOVA (analysis of
variance), p-values and F-values. The quality of fit of the
polynomial model equation was expressed by the coefficient
of determination, R%. The statistical software package Design
Expert 6.0.8 (Stat Ease Inc., Minneapolis, USA) was used to

generate a regression model to predict the effect of the
operating parameters on the disinfectant property of defatted
crude Moringa oleifera seed extracts. The fitted polynomial
equation was expressed in the form of contour and surface
plots in order to show the interactions between the response
and the variables.

F.Validation of Experimental Model

Combinations predicted by the point prediction feature of
the statistical software Design Expert 8.0.7.1 trial version were
used to validate the model. Four sets of experimental
combinations were performed and the predicted results were
compared with the experimental results.

TABLE I
DESIGN EXPERT USING FCCCD OF THREE INDEPENDENT PARAMETERS IN
THEIR ACTUAL VALUES SHOWING THE EXPERIMENTAL AND PREDICTED

RESPONSE
Run order Dosage Time Mixing rate TYC TYC
(mg/l) (minutes) (rpm) (experiment)  (predicted)

1 125 60 140 25 25
2 125 60 120 23 24
3 125 60 100 24 24
4 150 30 100 30 30.2
5 125 90 120 27 27.8
6 150 30 140 31 31.2
7 125 60 120 22 225
8 125 60 120 22 223
9 150 90 140 34 33.8
10 100 30 100 29 29.2
11 100 30 140 30 30.2
12 150 90 100 33 32.8
13 100 60 120 25 25
14 125 60 120 23 24
15 125 30 120 26 25.2
16 125 60 120 22 225
17 100 90 140 33 32.8
18 100 90 100 32 32.8
19 150 60 120 26 26
20 125 60 120 23 225

III. RESULTS AND DISCUSSION

A. One-Factor-at-a-Time

The purpose of using one-factor-at-a-time design was to
determine the possible optimum range of the parameters that
will increase the highest disinfection property of the seed
extract. There are various factors affecting disinfection
process. Important factors such as disinfectant concentration,
contact time, inoculum characteristic, mixing rate etc. in this
study, disinfectant dosage, contact time and mixing rate were
considered. The effect of Moringa oleifera dosage is shown in
Fig. 1. Increasing the seed extract dosage led to a
corresponding increase in inhibitory action against the
bacterial cells as seen through the log of total viable count.
This phenomenon was also observed in [19]. The inhibitory
action may be due to the protein which are lipophilic in nature
present in the seed that binds inside the cytoplasmic
membrane of the bacterial cell [20]. At dosage between
100mg/1 to 200mg/1, there was slight change in the log of total
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viable count which suggests the possible optimum level which
is necessary to enhance the disinfection process by applying
statistical optimization.

The effect of contact time was also studied and it was
examined from 30 minutes to 240 minutes as seen in Fig. 2.
The seed extracts killed the bacterial strains at the shortest
time limit between 30 minutes to 90 minutes. After 90
minutes, there was gradual increase in the bacterial
population. This could be as a result of increasing resistance
against the seed extract. The highest kill was obtained from 30
minutes to 90 minutes. The result obtained here is in close
agreement with [21] who concluded that the optimum contact
time on E. coli bacterial strain was about 31 minutes.
Although, earlier reports revealed that the longer the contact
time, the greater the rate of kill , however, report from this
study revealed otherwise. Hence, 30 minutes to 90 minutes
range was selected for the optimum contact time.

For the mixing rate, reports from earlier studies shows that
mixing rate increases the rate of kill in higher magnitudes
[22]. The range was varied from 100rpm to 160rpm as shown
in Fig. 3. From the results, there was a significant reduction in
the bacterial cells from 100rpm to 140rpm. However, as the
mixing rate increases, there was no significant reduction as
indicted from Fig. 3. Hence the possible optimum range
selected was from 100rpm to 140rpm.
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Fig. 1 Effect of dosage on the disinfection process
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Fig. 2 Effect of contact time on the disinfection process
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Fig. 3 Effect of mixing rate on the disinfection process

B. Optimization of Process Conditions by FCCCD

Statistical based experiment design is very advantageous for
obtaining optimum values and also very useful in developing a
system model with less experimental requirement [23]. Based
on the experimental results obtained A second order
regression equation showed the dependence of the disinfectant
property on the process parameters. The parameters of the
equation were obtained by multiple regression analysis of the
experimental data. An empirical relationship between the
response and the parameters was expressed in terms of
second-order polynomial equation

TVC(E.coli)=22.50+0.50A+1.30B+0.50C+0.000AB+0.00A+0
.000BC+3.00A%+4.00B*+2.00C> )

where the Total Viable Count for E. coli is the response (Y)
and A, B and C are dosage, contact time and agitation,
respectively. The adequacy of the model was checked using
analysis of variance (ANOVA) which was tested using
Fisher’s statistical analysis and the results are shown in Table
I

The model F value of 115.73 and p-value of <0.0001 imply
that the model is significant, suggesting that there is only
0.01% chance that the model F value could occur due to noise.
Model terms with Prob>F (less than 0.05) are considered
significant, while those greater than 0.10 are insignificant. The
non-significant lack of fit suggested that the obtained
experimental responses sufficiently fit with the model. The R?
value closer to 1 denotes better correlation between the
observed and predicted values [24]. The higher values of R?
(0.9905) and adjusted R* (0.9819) also indicated the efficacy
of the model suggesting that 99.05% and 98.19% variation
could be accounted for by the model equation respectively.
Thus, for a good statistical model, the R? value should be in
the range of 0—1.0, and the closer the value is to 1.0, the more
fit the model is deemed to be.

Adequate precision measures the signal to noise ratio and a
value >4 is considered appropriate for desirable models. The
adequate precision value of 28.70 for the disinfection process
indicates that the model can be used to navigate the design
space. Also, the coefficient of variation (CV) indicates the
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degree of precision with which the treatments are compared,
and the low value of CV showed the reliability of experiment.
In this study, a relatively lower value of the coefficient of
variation (CV=2.06) suggested a good precision and reliability
of the experiment. The coefficient values of the regression
equation are listed in Table II. The p-values are used as a tool
to check the significance of each coefficient, which also
indicate the interaction strength between each independent
variable; the smaller the p-values, the bigger the significance
of the corresponding coefficient. The responses revealed that
all the three linear coefficients (A, B, C), and all the three
quadratic coefficients were significant (p<0.05) and had
remarkable effects on the disinfection process.

The 3D response surface plot is the graphical
representations of the regression equation used to investigate
the interaction among variables and to determine the optimum
process conditions during the disinfection process. The 3D
plots shown in Fig. 4 were based on the function of two
variables with the other variable being at its optimum level.

Significance of the interactions between the corresponding
variables is indicated by an elliptical or saddle nature of the
contour plots. Fig. 4 (a) represents the interaction between
mixing rate and contact time. The shape of the response
surface curves showed a moderate interaction between these
tested variables. While Fig. 4 (b) shows the 3D plot
corresponding to contact time and dosage this plot showed
somewhat an elliptical contour suggesting that not only there
were well defined optimum operating conditions but also the
interaction effect between the two factors was significant. In
case of dosage and mixing rate (Fig. 4 (c)), the response plot
was elliptical depicting interaction between them.

C.Validation of Experimental Model

In order to validate the generated second-order regression
model, some sets of experiments replicated thrice were
performed according to the point prediction of Design Expert
and are presented in Table III.

TABLEII
ANALYSIS OF VARIANCE

Source Sum of Square df Mean Square F Value p-value Prob > F
Model 3229 9 35.88 115.73 <0.0001 significant
A-Dosage 2.5 1 2.5 8.06 0.0176
B-Contact time 16.9 1 16.9 54.52 <0.0001
C-mixing rate 2.5 1 2.5 8.06 0.0176
AB 0 1 0 0 1
AC 0 1 0 0 1
BC 0 1 0 0 1
A? 24.75 1 24.75 79.84 <0.0001
B? 44 1 44 141.94 <0.0001
c? 11 1 11 35.48 0.0001
Residual 3.1 10 0.31
Lack of Fit 1.6 5 0.32 1.07 0.4726 not significant
Pure Error 1.5 5 0.3
Cor Total 326 19
TABLE III
VALIDATION OF EXPERIMENTAL MODEL
Run Dosage Contact time Mixing rate Experimental Predicted
1 100 60 120 23 26
2 125 60 100 24 24
3 125 30 120 20 25.2
4 120 33 130 24 253
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Fig. 4 The 3D curves of combined effects of dosage, contact time and mixing rate of the disinfection process conditions on E. coli bacteria
strain: (a) contact time and mixing rate (b) contact time and dosage (c) Dosage and mixing rate

IV. CONCLUSION

The possible optimum level of dosage, contact time and
mixing rate were determined using OFAT method. The central
composite design under the response surface methodology was
employed for further optimization of the process parameters
through the development of second order regression model.
The generated model was validated with experimental runs
and there was correlation with the predicted values. All the
three parameters studied were highly significant and the
optimum disinfection processes obtained are dosage of
125mg/L at contact time of 60 minutes and mixing rate of 120

rpm.
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