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The conventional method of water treatment plants consists of a combination of 
coagulation, sedimentation, filtration and disinfection but the most applied water 
treatment technology since early 20th century is made up of coagulation, sedimentation 
and filtration (Abaliwano, 2008). In coagulation process the most common, the 
chemical coagulants used in this process are aluminium sulphate, ferric sulphate and 
ferric chloride (Matilainen and Sillanpaa, 2010). The coagulants’ positive charge will 
neutralise the negative charge of the suspended and dissolved particles in the water. 
During this process, the particles will bind together to form larger particles. The larger 
particles which become heavy are able to settle quickly at the bottom of the reactor. 
This is followed by filtration which is the second step of conventional water treatment. 
This step consists of filters with different pore size and is often made up of gravel, 
charcoal and sand which play an important role in removing particulate matter from 
water by forcing the water to pass through the porous media (Cheremisinoff, 2001). 
There are a lot of invention related to water treatment process but most of the invention 
require higher expenditure because of the complexity of water treatment plants and it 
require many stages of water purification (Aziz and Ghazali, 2019).  Therefore, 
Moringa oleifera seeds provide a lot of advantages compared to conventional coagulants 
towards the water treatment. The advantages of Moringa oleifera are cost effective, eco-
friendly, no pH alteration required, no necessity for alkalinity addition and reduction of 
sludge volumes (Idris et al., 2016). 

In this study, the Jar test was performed to assess the water quality parameters such as 
pH, turbidity, conductivity, Total Dissolved Solids (TDS), Chemical Oxygen Demand 
(COD), and Biochemical Oxygen Demand (BOD), before and after treatment with 
MOCR.  

 
2.0 MATERIALS AND METHODS 

2.1 Materials preparation 
The Moringa oleifera (MO) seeds were purchased from Mitomasa Sdn. Bhd., Kuala 
Lumpur. The Moringa oleiferaseeds were de-husked manually from its pod. The seeds 
obtained was then pulverised to produce Moringa oleifera seed powder and sieved 
through a 2mm, 1mm, 500 m and 250 m electronic siever. The analytical grade n-
hexane was obtained from Sigma Adrich Co., Malaysia without further purification. 

 
2.1.1 Soxhlet extraction and recovery of cake residue (MOCR) 
20 g of seed powder was place in the extraction thimble with 250 mL of n-hexane 
solvent poured into the round bottom flask. Then, the Soxhlet extractor was then placed 
inside the heating mantle. Running cold tap water was supplied to the condenser and the 
water was allowed to continuously flow in and out of the condenser. The heating mantle 
was set to 80°C until the solvent starts to boil. Temperature of 80°C was chosen with 
the purpose to ensure n-hexane vaporises and able to pass through the siphon and react 
with the Moringa oleifera seeds powder in the thimble. Hence, the boiling temperature 
and critical temperature of n-hexane are set at 68.75°C and 234.45°C respectively. The 
temperature of the heating mantle was reduced to around 70°C (Eman et al., 2014). 
After the Soxhlet apparatus was set up, the hexane solvent was heated up for 45 minutes 
in order to extract the oil (Da Porto et al., 2016). The oil extracted, containing some 
portion of the solvent was then recycled back to the round bottom flask as it refluxes 
and the total process of reflux continues until total oil extraction was achieved when the 
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solvent become colourless. After the oil extraction process, the Moringa oleiferacake 
residue from the thimble was collected and dried overnight in an oven for 50°C for 1 h 
and as the drying process ended, the residue cake was weight using electronic weighing 
machine (Eman, 2016). The seed cake residue was then used for water treatment after 
the oil has been drained out of the Moringa oleifera seed. The presence of oil in the 
seed will affect the coagulation process and this confirmed the reason for the oil 
extraction process conducted. Moreover, the presence of the oil will increase the 
quantity of organic matter added to water as reported by Garcia-Fayos et al., (2016). 
Eman et al.(2014) also buttressed this and reported that the performance of the Moringa 
oleifera cake residue in water treatment process will decreases as the oil content in the 
Moringa oleifera cake residue increases (Eman et al., 2014). 

 
2.1.2 Jar test experimentation 
The river water sample was collected from Belat River (Figure 1), located at housing 
area in Kuantan, Malaysia. The water quality status of the river was tested with different 
dosage of Moringa oleifera cake residue using jar tests. Furthermore, each beaker was 
filled with 500 mL of river water. These beakers were placed into the jar test machine. 
It is important that the turbidity is almost the same in each beaker before 0.05, 0.10, 
0.50, 0.75, 1.0, 2.5, 5.0, 7.5, and 10.0 g of Moringa oleifera seed powder (MOSP) with 
2 mm particle size were added into different beakers filled with river water, 
respectively. The stirring speed was set at 200 rpm for 4 min followed by 40 rpm for 30 
min. Then, the mixtures were left for 60 min to settle. Finally, the water quality 
parameters were tested. The experiment was repeated with a different particle size of 
MOSP for 1mm, 500μm and 250 μm. 
 
2.1.3 Analysis of treated water 

Digital turbidity meter (TB-500G) was used in this experiment to measure high 
turbidity before treatment with MOSP. The measurement range of this turbidity meter is 
from 20 NTU to 500 NTU with a 660 nm of wavelength. Digital turbidity meter (DTC-
4DG) was used in this experiment to measure low turbidity after treatment with MOSP. 
The measurement range of this turbidity meter is from 0.0 NTU to 20.0NTU with an 
860 nm of wavelength. The initial turbidity was measured 3 times on the raw water 
while stirring, and the average value from the three measurements was used as a starting 
value. After the sedimentation phase, samples for turbidity measurement were collected 
from the supernatant using a standard pipette. Moreover, the Spectrophotometer was 
used to measure the COD. COD reactor was preheated to 150 ºC. 2 mL each of de-
ionized water (control) and samples after jar test was added into COD Digestion 
Reagent Vials. Digestion reagent vials used for measurement test were low range 
reagent vials ranging from 3 to 150mg/L while for high range reagent vials ranging 
from 20 to 1500 mg/L. The samples were then inserted into COD reactor HACH 
DRB200 and heated for 2 h at 150 ºC with strong oxidizing agent (potassium 
dichromate solution). Then the solutions were cooled down to room temperature. The 
vials were cleaned to remove any fingerprint before measuring COD with HACH 
spectrophotometer DR2800. The dissolved oxygen (DO) meter was used for BOD 
measurement. 1 L of diluted water sample was prepared by adding 1 mL each of 
phosphate buffer, magnesium sulfate, calcium chloride and ferric chloride solution into 
1L of volumetric flask. Distilled water was added to 1L. About 10 mL of samples after 
jar test was transferred into each BOD bottle. Then, 300 mL of diluted water was added 



Jo

 

into 
in BO
dilut
foil t
for 5

3.1 
Figur
at d
effici
powd
turbi
NTU
sizes
How
toget
the tu

 
3.2 
extra
Oil w
solve
(85.3
extra

Perc

(1) 

wher
mass

ournal of C

the BOD bo
OD bottle. 
ed water w
to prevent e
 days at 20 

 

Particle 
re 1 shows 
ifferent pa
iency (98.8
der (MOSP
idity was ob

U (Haydar et
s contribute

wever, at par
ther of the p
urbidity rem

Fi

Results 
action 
was extract
ent. The re
30%). The 
action of oil

centage cake

re W0 is the
s of Moring

Chemical En

ottle. Besid
The DO w

was added to
evaporation 
ºC. The DO

3
sizes study
the effects 

article sizes
80%) at 4.8
P). This re
btained belo
t al., 2016).

ed different
rticle sizes b
particles. Th
moval was lo

igure 1: Tu

of water 

ted from M
esult obtain

higher cak
l from Mori

cove re ery

e mass of M
ga oleifera c

ngineering 

des that, the
as measure

o the flared 
of the solu

O value will

3.0RESULT
y 
of changes

s. The resu
8 NTU usin
sult indicat

ow the estab
. Guodeli et
tly to the w
below 2 mm
his explains
ower when 

urbidity rem

analysis u

Moringa olei
ed showed 
ke recovery
nga seed po

0 1

0

W W
W
−

= ×

Moringa ol
cake residue

and Indus

 control wa
d for all sa
mouth of t

ution. All bo
l be measure

TS AND DI

 in the amo
ult obtaine
ng 2 mm w
ted that at 
blished Wor
t al., (2015)
water turbid

m, agglomer
s why at par
compare w

moval of wa

using Mor

ifera seeds 
higher rec

y confirme
owder (Ahm

40100%× =

leifera seed
e produced a

trial Biotec

as prepared 
amples using
the bottle an
ottles were
ed after 5 d

ISCUSSIO

ount of MOS
ed showed 
with 0.05 g 

lower dos
rld Health O
) reported th
dity after t
ration tends
rticle sizes 

with 2 mm as

ater treated

ringa oliefe

powder us
covery for 
ed the effic
med, 2014).

0 34.1 10
40
−

×

ds powder b
after extract

chnology V

from 300 m
g DO mete
nd covered 
put into the

days. 

N 

SP on the tu
that the h
of Moring

se of the M
Organization
hat particle 
the process 
 to occur du
1 mm, 500 
s presented 

d with MO

feracake re

sing n-hexa
the Moring

ciency of n

0% 85.30=

before extra
tion. 

V5(2019)29-

mL diluted w
r. After tha
with alumi

e BOD incu

urbidity rem
highest rem

ga oleifera 
MOSP, the
n standard o
sizes in diff
of coagula

ue to the sti
μm and 250
in Figure 3

 
SP 

esidue afte

ane as extra
ga oleifera 
n-hexane in

0%               

action, W1 i

-38 

32

water 
at, the 
inium 
ubator 

moval 
moval 
seeds 

e best 
of 5.0 
ferent 
ation. 
cking 
0 μm, 
.1. 

er oil 

acting 
cake 

n the 

      

is the 



Jo

 

 

3.3 
Figur
turbi
(0.75
gives
value
is co

3.4 
Figur
value
resul
show
Furth
Ther
best p

ournal of C

Turbidi
re 2 shows
idity values 
5 mg/L). Th
s the best tu
e lower than
nsidered as 

pH Mea
re 3 shows 
es obtained 
lts showed 

wed agreem
hermore, th
refore, 0.75 
pH value of

Chemical En

ty measure
 the compa
 obtained a
herefore, 0.
urbidity valu
n 10 NTU i
drinkable w

Figu

asurement  
the compar
after water
that MOCR

ment with 
he pH value

mg/L conc
f 6.5. 

ngineering 

ement 
arison betw
after water t
.0015g/mL 
ue of 4.7. A
s considere
water (Eman

ure 2: Turb

rison betwee
r treatment.
R dosage d

previously
es were in 
centration i

and Indus

ween the dos
treatment. T
MOCR is 

According t
d as clear w
n et al., 201

bidity values

 

en the dosag
. The lowes

does not sig
y conducte
range with 
s the best d

trial Biotec

sage used f
The lowest 
the best do

to World He
water while 
14). 

s after treatm

ge used for 
st pH value 
gnificantly i
ed researc
the water 

dosage to b

chnology V

for water tr
turbidity v

osage to be 
ealth organi
turbidity lo

ment 

water treat
was 5.2 (2

impact the 
ch (Eman 

standard fo
be used beca

V5(2019)29-

reatment an
alue is 4.7 
used becau

ization, turb
ower than 5 

 

ment and th
2.5 mg/L). T
pH value w
et al., 2

or water qu
ause it give

-38 

33

nd the 
NTU 
use it 
bidity 
NTU 

he pH 
These 
which 
2014). 
uality. 
es the 



Jo

 

3.5 
Figur
TDS
How
Mang
treate
to th
colle
resul
majo
40 pp

 

ournal of C

TDS me
re 4 shows 
 values obt

wever, the in
gale et al. 
ed with MO

he pre-treatm
ected wheth
lts obtained
ority of the 
pm since th

Chemical En

F

easurement
the compa

tained after 
ncrease in T
(2012) bec

OCR (Mang
ment steps 
her it exclud
d are in ag
values are 

he lowest va

F

ngineering 

Figure 3: pH

t 
arison betwe

water treat
TDS values

cause the TD
gale et al., 2
used in the
des fish, w

greement w
less than 50

alue at the co

igure 4: TD

and Indus

H values af

 

een the dos
tment. The 
s does not 
DS values 
2012). The 
e experimen

weeds, branc
with the wa

00 ppm. Th
oncentration

DS values a

trial Biotec

fter treatmen

sages used f
lowest valu
agree with 
were not re
difference i
nt on how w
ches or larg
ater standar
herefore, the
n of 1.0 mg

fter treatme

chnology V

nt 

for water tr
ue was 40 p
the researc

educed afte
in result tre
was the riv
ge debris. N
d for wate
e best TDS 

g/L.  

ent 

V5(2019)29-

 

reatment an
ppm (1.0 m
ch conducte
er the water
end might b
ver water sa
Nevertheless
er quality a

was obtain

 

-38 

34

nd the 
mg/L). 
ed by 
r was 
e due 

ample 
s, the 

as the 
ned at 



Jo

 

3.6 
Figur
cond
cond
withi
indic
ionic
drink
Worl

 
3.7 
Figur
COD
the M
Qual
250 m
of CO

ournal of C

Conduc
re 5 shows

ductivity va
ductivity wa
in the recom
cates the inc
c proteins an
king water, 
ld Health O

COD me
re 6 shows 

D values obt
MOCR dos
lity, the stan
mg/L. Henc
OD value.  

Chemical En

tivity meas
 the compa

alues obtain
as 50 µs/cm
mmended ra
crease in th
nd ionizatio
as the max

Organization

Figur

easuremen
the compa

tained after
sage (Eman
ndards COD
ce, the best 

ngineering 

surement 
arison betw
ned after w

m (0.50 mg/L
ange of stan

he number o
on of water 
ximum valu

n, (2011). 

re 5: Condu

nt  
arison betwe
r water trea
n et al., 2
D value to 
dosage is 0

and Indus

ween the dos
water treatm
L). Howeve
ndard wate
of free ions
(Miraji, 201
ue should b

uctivity valu

een the dos
atment. The 
2014). Acco
be released

0.75 mg/L b

trial Biotec

sage used f
ment. The 
er, the dosa
r quality. T
s obtained a
14). This is 
be less than

ues after trea

sages used f
COD value

ording to M
d to the env
because it sh

chnology V

for water tr
lowest is 

age obtained
The increase
after the dis
still an acce

n 1055 µs/c

atment 

for water tr
e is directly
Malaysian 

vironment m
howed the h

V5(2019)29-

reatment an
recorded w

d 0.75 mg/L
e in conduc
ssolution of
eptable valu
cm accordi

 

reatment an
y proportion
Water Stan

must be less
highest redu

-38 

35

nd the 
water 

L was 
ctivity 
f salt, 
ue for 
ng to 

nd the 
nal to 
ndard 
s than 
uction 



Jo

 

3.8 
Figur
and t
BOD
Qual
wate
prese
How

3.9 
Tabl
0.75 
and h
TDS
respe

ournal of C

BOD me
re 7 shows 
the BOD va

D value wa
lity, the BO
r as clean 
ence of the 

wever, MOC

Conclud
e 1 summa
mg/L dosa

has no signi
, conductiv
ectively. 

Chemical En

Fi

easuremen
the compar

alues obtain
as 18 mg/L
OD value ob

water. The
 natural org

CR concentr

Fi

ding remar
rizes the be

age. Moreov
ificant impa
vity, COD 

ngineering 

igure 6: CO

nt 
rison betwee
ned after wa
L (0.25 g/m
btained mus
 increase in
ganic comp
ation of (0.7

igure 7: BO

rks on the p
est results o
ver, 0.75 m
act on the w

and BOD 

and Indus

OD values a

 

en the dosag
ater treatme

mL). Accord
st be less th
n BOD val
pound prese
75 mg/L) is

OD values a

 
performanc
obtained fro

mg/L able to
water pH. 0.7

values wh

trial Biotec

after treatme

ges of MOC
nt. From th

ding to Ma
an 100 mg/
lue after tre
ent in the M
s the best do

after treatme

ce of MO re
om the expe
o reduce 98.
75 g/mL als
hich are 50

chnology V

ent 

CR used for
he result obt
alaysian Sta
/L in order 
eatment ma
MOCR (Sh
osage to be u

ent 

esidue as b
eriment wh
.87% of the
so have low
0, 72.7, 24

V5(2019)29-

 

r water treat
tained the lo
andard of W
to categoris

ay be due t
an et al., 2
used. 

 

bio-coagula
ich is MOC
e initial turb

wer impact o
4.76, and 4

-38 

36

tment 
owest 
Water 
se the 
to the 
2017). 

nt 
CR of 
bidity 
on the 
44.4% 



Journal of Chemical Engineering and Industrial Biotechnology V5(2019)29-38 

 37

Table 1:Summary of best results 
Parameters Before After Percentage Difference (%) 

Turbidity (NTU) 415 4.7 98.87 
pH 6.4 6.5 1.5 

TDS (ppm) 100 50 50 
Conductivity ( ⁄ ) 220 60 72.7 

COD (mg/L) 158 210 24.76 
BOD (mg/L) 25 45 44.4 

 

4.0 CONCLUSIONS 
The experimental procedure was conducted in two batches, the first batch comprises of 
Moringa oleifera seeds powder as natural coagulant for water treatment, while in the 
second batch the seeds were placed inside the extraction thimble for the Moringa 
oleifera seeds oil extraction process and Moringa oleifera cake residue formed was used 
as bio-coagulant after the oil has been completely extracted. The first batch of the 
experimental procedure was employed to determine which of the particle sizes is 
appropriate and this was achieved by varying the amount of MOCR. The result obtained 
gave residual turbidity of the treated water less than 5.0 NTU. This is in accordance 
with the WHO standard, which established that the turbidity of drinking water shouldn't 
be more than 5 NTU. Also, the COD result indicated that there is no increase in the 
COD in the treated water sample. Moreover, the pH value obtained (6.5-7.5) implies 
that there is no need for any additives for pH adjustment as it is within the acceptable 
range for drinking water. The conductivity, on the other hand, was less than the 
accepted standard limit (1055 µs/cm) for drinking water. This obtained showed that the 
use of Moringa oleifera cake residue as a natural coagulant was found to be most 
efficient at high turbid water. In addition, a prolonged sedimentation time together with 
Moringa oleifera bio-coagulant improved the quality of the treated water. 
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