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Abstract— Textile wastewater contains many pollutants which is hazardous if directly discharged. Various technologies such as
adsorption, advanced oxidation processes, biological treatment, membrane technology, coagulation, and flocculation have been
explored and utilized to treat textile wastewater. However, coagulation followed by flocculation is still widely used. Usually, inorganic
salts such as alum, ferric chloride, PAC, are widely used to treat textile wastewater. However, utilization of inorganic salts poses some
drawbacks, such as high coagulant cost, a large volume of sludge produced, and potential health problems if the water is consumed.
In this study, we explore the utilization of natural coagulant as an alternative to inorganic salts to treat textile wastewater. This study
describes the utilization of papaya seeds powder as a natural coagulant for synthetic textile wastewater of drimarene dark red (DDR)
with an initial concentration of 10 mg/L. The effect of coagulant dosage and pH to the %removal of color in wastewater was studied
using central composite design. The potential active functional groups in papaya seeds powder were characterized using Fourier
Transform Infrared Spectroscopy (FTIR). It was found that papaya seeds powder contained –OH, -NH, C=O functional groups that
indicate good potential as natural coagulant. The cubic model obtained was in a good fit with experimental data, which was shown in
the R-squared value of 0.995. It was found that coagulant dosage, pH, and its interaction were significant to the removal of synthetic
dye in wastewater. The decrease of pH gave higher %removal due to protonation of papaya seeds powder active coagulating agent
resulting in better electrostatic interaction with dyes. The increase of dosage also gave an increase in %removal until its optimum
condition. After optimum condition, the %removal decreased due to colloid re-stabilization. The optimum condition was obtained at a
dosage of 0.57g/L, and pH 1.97 with 84.77% of predicted color removal and this result was in agreement with experimental response
value.
Keywords— drimarene dark red (DDR); natural coagulant; papaya seeds powder; reactive dye.

I. INTRODUCTION
Textile industry is one of the biggest industry that uses
water and many chemicals during its process. The spillage
and wastewater from the process usually have color, high in
biological oxygen demand (BOD) and chemical oxygen
demand (COD), and also toxic chemicals [1]. In many
developing countries, the wastewater is usually directly
discharged to the river body without any treatment. This
severe possesses a threat to flora and fauna in the river, and
also to people that use the water for daily life. Various
technologies such as coagulation/flocculation [1], adsorption
[2], advanced oxidation processes (AOPs) [3], biological
treatment [4] and membrane technology [5] have been
utilized to treat textile wastewater.
Adsorption technology utilizes activated carbon, silica gel,
and biomass as adsorbents. This technology is said to be
useful for various dyes removal, especially for dyes that too
stable for conventional treatment methods [2]. Adsorption
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technology has some drawbacks, such as difficulties in
regeneration, expensive and high energy consuming
adsorbent production (activated carbon), and the high cost of
disposal [1], [2]. Utilization of biomass (e.g., wood chips,
fruit peel, and nutshell) has been studied as an alternative to
widely
used
activated
carbon.
However,
their
commercialization still meets some difficulties [6].
Advanced oxidation processes (AOPs) consists of various
techniques such as ozone oxidation, ozone/ UV, hydrogen
peroxide/ UV, ozone/ hydrogen peroxide, Fenton, UV/
Fenton, UV/ TiO2 [3], [7]. All previously mentioned
techniques have one purpose, which is to produce hydroxyl
free radical (HO•) as a strong oxidant. The produced
hydroxyl free radical then destroys the chemical bond of
dyes and chemicals in textile wastewater, thus lowering its
BOD, COD value. Some drawbacks of this technology are
high in cost, the formation of byproducts, sludge generation
[8]. The biological treatment uses a mixed culture of
microorganisms rather than single species [4]. The
degradation of azo dyes in textile wastewater consists of two

steps, firstly degradation of azo compound anaerobically
into the smaller compound, then secondly, metabolizing the
smaller compounds under aerobic condition. This method
has some advantages, such as environmentally friendly, less
sludge volume produced, and low cost [9]. However, there
are some drawbacks for application of this technology such
as slow process, needs of nutrients, and limited operation
temperature [1].
Membrane technology, such as microfiltration,
ultrafiltration, nanofiltration, and reverse osmosis, has been
studied to treat textile wastewater and recycle water in the
textile industry. Membrane filtration has been proven
effective for textile wastewater treatment; however, due to
high investment and operating cost, its application is limited
to pilot scale [10]. Disadvantages of membrane filtration are
relatively expensive and the production of concentrated
sludge that needs further treatment [1], [2].
Although previously explained technologies have their
great potential for textile wastewater treatment,
coagulation/flocculation process is still widely used, either
alone or combined with biological treatment, to remove
suspended solids, organic matter, and color from textile
wastewater [11]. The phenomenon of colloid destabilization
is called coagulation, while the term flocculation refers to
the formation of agglomerates following coagulation process.
There are four colloid destabilization mechanisms in
water treatment, namely double-layer compression, charge
neutralization, antiparticle bridging, and sweep flocculation
[12]. Double layer compression happens due to high
electrolytes concentration thus compressing the double layer
surrounding colloid particles. The effect of the compressed
double layer is a lower repulsive force, thus making
coagulation possible. Charge neutralization happens as
oppositely charged colloid are adsorbed on the surface of
coagulant polymer resulting zero zeta potential which makes
coagulation possible. Interparticle bridging is usually caused
by long-chain polymer coagulant that has segments to bridge
colloid particle together. Sweep flocculation takes place
when the large dosage of coagulant is used, then entrapping
the colloid within precipitating coagulant. Between this four
mechanism, charge neutralization and interparticle bridging
are usually found as coagulation mechanism for natural
coagulants [12].
An inorganic coagulant, such as aluminum sulfate, ferric
chloride, poly aluminum chloride has been widely used to
treat wastewater. However, these coagulants have some
drawbacks, such as the potential cause of health problem
(Alzheimer, dementia), relatively high coagulant cost, and
large sludge volume [12]. Natural coagulants have been
extensively studied to overcome these drawbacks. Generally,
natural coagulants could be classified as plant-based and
non-plant based coagulant. Non-plant based coagulant
usually comes from marine resources, such as chitosan [13]
and alginate [14]. Various plant-based natural coagulants,
such as Moringa oleifera [15], Moringa stenopelata [16],
Plantago ovata [17], potato starch [18], okra (A. esculentus)
[19] have been studied to treat textile wastewater. Utilization
of these natural coagulants has some advantages, namely,
lower coagulant cost, easily obtained, biodegradable, low
toxicity, and producing smaller sludge volume [20] therefore
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natural coagulants have much potential for the alternative of
wastewater treatment.
Mainly, there are three steps of preparation plant-based
coagulant [12]. Primary treatment consists of preparation
such as removing undesired parts, followed by drying and
pulverization. Secondary treatment focuses on the extraction
of the active coagulating agent from the plant. Finally, the
tertiary process focuses on purification by using some
methods such as dialysis, ion exchange, and precipitation.
Papaya (Carica papaya) is one of the tropical fruits that is
easily found in South America and Asia, especially
Indonesia. Papaya fruit flesh is known for its high nutrition
and medicinal-pharmacological properties [21], while its
seeds are inedible due to the presence of some toxicants such
as phytates, glucosinolates, and tannins [22]. Papaya seeds
have been used to treat turbid water with fecal bacteria [23],
however to the best of author knowledge, its application to
treat textile wastewater has never been studied before. In this
study, we utilized papaya seeds powder as a coagulant to
treat synthetic reactive dyes (DDR) wastewater. The effect
of pH and coagulant dosage to the removal of color was
studied using central composite design to find its optimum
condition.
II. MATERIAL AND METHOD
A. Papaya Seeds Powder
Papaya was obtained from the local market in Bandung,
West Java, Indonesia. Its seeds were collected and
repeatedly washed to remove impurities, followed by oven
drying at 110˚C for 10 hours. Dried seeds were then crushed
and sieved to obtained papaya seeds powder with a size of
40-50 mesh. These dried papaya seeds powder then stored in
a desiccator and was used as coagulant without further
treatment. Papaya seeds powder was also analyzed using
FTIR (Shimadzu FTIR 8400, KBr pellet method) to
qualitatively observe the possible active coagulant
component in the seeds.
B. Coagulation Tests
Drimaren Dark Red (DDR) HF-CD solution was made by
dissolving 10mg DDR powder in 1L aquadest, and its pH
was adjusted using HCl or NaOH 0.1 N. The coagulation
and flocculation experiments were carried out using jar test
method in 1 L beaker glass. Initial wastewater sample was
measured before coagulant addition to obtaining its initial
concentration. Papaya seeds powder was added with various
dosage and rapidly mixed at 200 rpm for 1 minute, followed
by slow mixing at 60 rpm for 30 minutes. These mixtures
were then left for 1 hour to settle down. 10 mL of sample
was collected 5cm below the surface level to determine its
concentration. Wastewater concentration was measured
using spectrophotometer (Thermo Scientific Genesys 20) at
a maximum wavelength of 525nm.
C. Design of experiment
Central composite design was used to the obtained
optimum condition of two main variables, namely papaya
seeds powder dosage (g/L) and wastewater pH. The response
measured was %removal of color in the wastewater,

peak of C=O ester groups was indicated at 1745.5cm-1 [28]
and 1544.9cm-1 indicating amide functional groups [29]. It is
known that papaya seeds have a high content of
carbohydrates, proteins, and fat [22] that are in agreement
with functional groups identified in FTIR analysis. The high
content of functional groups indicates the good possibility
for removal of contaminants from water [24].

calculated using Eq. 1., where Ci and Cf are initial and final
concentration (mg/L).
(1)

The schematic diagram of central composite design used
is presented in Fig 1 and the design matrix used is presented
in Table 1 with five replications of the center point. The
obtained response was analyzed using Design Expert
software version 7.0.0 with various models from linear to
cubic were examined to fit the data obtained from the
experiment. The best fit model was determined by its
analysis of variance (ANOVA). Optimum condition was
then obtained from the model, and its confirmation was done
in triplicate.

B. Model Fitting
The results obtained from the jar test experiments are
presented in Table 3. These results were then analyzed to
obtain the optimum condition for coagulation of DDR. The
ANOVA showed that cubic polynomial was the most
suitable model for the process. The ANOVA is presented in
Table 4, and the equation of the model in real variables is
presented in Eq 2.

TABLE I
LEVELS OF VARIABLES TESTED

Variables
Dosage
(g/L)
pH

-α
0.15

-1
0.25

0
0.5

+1
0.75

+α
0.85

1.29

1.5

2.0

2.5

2.71

%removal = 347.362 - 1037.694*Dosage - 254.000*pH +
1045.243*Dosage*pH + 159.334*Dosage2 +
–
207.6453*Dosage*pH2
43.082*pH2
2
162.625*Dosage *pH
(2)

This model gave R-squared of 0.995, with good Adjusted
R-squared and Predicted R-squared and model’s p-value <
0.05 at 90% level of significance, indicating good fit and
suitability of the model representing the relationship of
variables. This result is also shown in the predicted vs actual
graph, presented in Fig 2. In this study, it was obtained that
dosage, pH, and its interaction was significant variables to
the removal of DDR wastewater.

(0,+α)

(-1,+1)

(+1,+1)

(+α,0)

(0,0)

(-α,0)

(-1,-1)

(+1,-1)

(0,-α)
Fig 1. Schematic diagram of central composite design (CCD)

III. RESULTS AND DISCUSSION
Fig. 2. FTIR spectra of papaya seeds powder

A. FTIR Analysis
FTIR analysis has been used in previous studies to
observe functional groups that present in plant-based
coagulant [24]. The FTIR spectra of papaya seeds powder
are presented in Fig 1, and infrared absorptions of some
functional groups are presented in Table 2. The papaya seeds
powder had a strong peak at 3438.8cm-1 indicating the
presence of O-H and N-H stretching [17], [25], and a peak
indicated the presence of symmetrical and asymmetrical C-H
at 2925.8cm-1 and 2854.5cm-1 respectively [26], [27]. The

TABLE II
IR ABSORPTIONS OF SOME FUNCTIONAL GROUPS [30]

Functional groups
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Wavenumber (cm-1)

O-H

Alcohol

3400-3650

N-H

Amine

3300-3500

COOH

Carboxylic acid

2500-3100

C=C-H

Alkene

3020-3100

N-H

Amine salt

2800-3000

C-H

Alkane

2850-2960

C=O

Esters

1735-1750

C=C

Alkene

1648-1658

It is known that in the coagulation process, the pH of the
solution affects the surface charge of the coagulant and the
dye [31]. It is possible at higher pH; the coagulant was not
protonated enough to ensure significant and efficient
removal of dyes in the water.
DDR belongs to reactive dyes, which is anionic and
water-soluble [20]. Its anionic property comes from the
sulfonate functional group that would have a negative charge
at lower pH, thus strengthening elect,rostatic interaction
between the dyes and papaya seeds powder as a coagulant.
Papaya seeds’ protein is high in glutamic acid, threonine,
proline, and leucine [32] with its isoelectric point (pI)
presented in Table 5. It is known that at pH below isoelectric
points, amino acids would be protonated. Furthermore, these
protonated amino functional groups from papaya seeds
powder protein became positively charged and acted as a
cationic polyelectrolyte. We speculate that adsorption
followed by charge neutralization was the coagulation
mechanism in this study. Similar results of pH effect
to %removal from the various study of anionic dyes
coagulation were reported by other researchers [18], [25].
Variation of coagulant dosage was also significant to the
dye removal. It is important to introduce optimum coagulant
dosage into the water so that just enough polyelectrolytes
present in the water to neutralize the particle so that the zeta
potential is near zero. In this experiment, it was observed
that at a dosage below 0.5g/L, low %removal was obtained.
It could be explained that there were not enough
polyelectrolytes present in the water to neutralize the dyes.
As with the increase of papaya seeds powder dosage,
higher %removal was obtained. However, after its optimum
condition, %removal was decreased. We speculate that at
high papaya seeds powder dosage in water, more soluble
components (polyelectrolytes) was extracted, thus lowering
its coagulation performance. This phenomenon could be
caused by re-stabilization of colloid due to excessive
polyelectrolytes in the water [18], [33]. The presence of
excessive polyelectrolytes results in positive or negative zeta
potential, thus reversing the effect of charge neutralization.
The increase of coagulant dosage after its optimum
concentration redispersion of particles was observed, thus
lowering its %removal. A similar effect of re-stabilization
was also reported by other researchers[18], [34].

TABLE III
RESULTS OBTAINED FROM JAR TEST EXPERIMENT

Run

dosage (g/L)

pH

%removal

1

0.5

2

82.3764

2

0.25

2.5

36.8819

3

0.85

2

79.1866

4

0.5

1.29

60.2554

5

0.5

2

80.5675

6

0.75

2.5

52.083

7

0.5

2.71

39.0506

8

0.5

2

80.2369

9

0.5

2

82.1198

10

0.15

2

39.38

11

0.75

1.5

64.2319

12

0.5

2

81.2974

13

0.25

1.5

75.0493

TABLE IV
ANOVA FOR THE CUBIC MODEL USED FOR DDR REMOVAL

Source

Fig. 3. Correlation between predicted % removal of the model and the
experimental response

3-D response surface plot and its contour plot is presented
in Fig 3 a and b, while the interaction curve is presented in
Fig 3 c. It could be observed that when pH was above 2.5,
low %removal was obtained, as can be observed from Fig 4.
At the same dosage, with increased pH (Figure 3.b.),
visually, lower %removal was obtained, as the color was
denser than Figure 3.c. At lower pH. When pH 4 and dosage
of 0.5g/L was used, only 1.15% removal was obtained.
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Sum of
Squares

df

Mean
Square

F Value

Model

3926.1

7

560.885

165.4848

p-value
(Prob >
F)
<0.0001

ADosage
B-pH

792.28

1

792.282

233.7569

<0.0001

224.82

1

224.821

66.33194

0.0005

AB

169.24

1

169.240

49.93313

0.0009

A^2

748.05

1

748.054

220.7078

<0.0001

B^2

1604.0

1

1604.05

473.2641

<0.0001

A^2B

51.654

1

51.6543

15.24023

0.0114

AB^2

336.84

1

336.848

99.38451

0.0002

Residual

16.946

5

3.38934

Lack of
Fit
Pure
Error
Cor
Total

TABLE V
ISOELECTRIC POINTS FOR PAPAYA SEEDS’ AMINO ACIDS [35]

13.451

1

13.4511

R-Squared

0.99570

3.4955

4

0.87388

0.98968

Amino acids

pI

3943.1

12

Adj RSquared
Pred RSquared

0.78029

Glutamic acid

3.22

Threonine

5.60

Proline

6.30

Leucine

5.98

a

a
2.50

%removal
Design Points
82.3764

b

c

%removal

Design-Expert® Software

44.053

60.9885

52.5207

36.8819
2.25

69.4562

B: pH

X1 = A: Dosage
X2 = B: pH

Fig 5. Visual observation of sample before (a) and after coagulation with
0.5g/L; pH 2.71 (b), and 0.5g/L; pH 2 (c)
5

2.00

77.924

From optimization, maximum color removal was obtained
at 0.57g/L of coagulant dosage, and pH 1.97 with % removal
predicted to be 84.777%. Confirmation of optimum
condition was done in triplicate and gave 83.249±0.640%
removal of DDR. This implies that this result was
reproducible was with small deviation. Comparison of the
result obtained in this study with various natural coagulants
in previous studies is presented in Table 6. Although the
comparison could not be directly made, however from Table
6, it could be observed that papaya seeds powder has good
potential to be used as a natural coagulant, as shown in
relatively high %removal. Further studies are required to
identify the active coagulating agent from papaya seeds
powder, extraction, and purification so that its utilization as
natural coagulant would not increase oxygen demand value
in the water after coagulation process. Furthermore, its
application in real textile wastewater could be tested.

1.75

b

69.4562
1.50
0.25

0.38

0.50

0.63

0.75

A: Dosage
Design-Expert® Software

Interaction
B: pH

%removal

83

2

Design Points
B- 1.500
B+ 2.500

70.25

%removal

X1 = A: Dosage
X2 = B: pH

57.5

44.75

TABLE VI
COMPARISON %REMOVAL OF VARIOUS NATURAL COAGULANTS

32

c
0.25

0.38

0.50

0.63

0.75

A: Dosage

Fig. 4. Response surface plot (a), contour plot (b), and interaction plot (c)
of %removala as a function of coagulant dosage and pH
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Natural
Coagulant

Dyes

Drimarene
dark red
Congo red
Congo red

% removal
at optimum
condition
84.7%

Papaya seeds
powder
Algal alginate
Moringa
oleifera
Moringa
stenopetala
Potato starch

Reference

This study

96%
83%

[14]
[15]

Direct red 23

98.5%

[16]

C.I. Reactive
yellow 145A

40%

[18]

Okra
Ocimum
basilicum
Chitosan
Surjana
seed
powder
Maize
seed
powder
Chitosan
Hibiscus
sabdariffa
Azadirachta
indica
Descurainia
Sophia L.
Acanthocerous
tetragonus
Moringa
oleifera

Textile
wastewater
Congo red

93.57%

[19]

68.5%

[31]

Acid blue 92

99%
98.0%

[33]
[36]

Congo red

94.5%

Congo red

89.4%
95.1%

[37]

Congo red

95%

[38]

Neutral red

90.2%

[39]

Congo red

96%

[40]

Reactive
blue 19
Reactive red
120

95%

[41]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

97.2%
[12]
[13]

IV. CONCLUSIONS
We have successfully utilized papaya seeds powder as a
natural coagulant for the removal of synthetic textile
coloring agent wastewater. Papaya seeds powder contains
some functional groups that indicate ate good possibility to
be used as a natural coagulant. The model obtained from
central composite design (CCD) was in good agreement with
the experimental data, where coagulant dosage, pH, and its
interaction were found significant to the removal of color
from the wastewater. Optimum condition was obtained at
0.57 g/L coagulant dosage, and pH 1.97 with the predicted
removal of 84.77%, which is in agreement with the
experimental response value. Further study is needed to
confirm the active coagulating agent in papaya seeds and
also its utilization in real textile wastewater.

[14]

[15]

[16]

[17]

[18]

NOMENCLATURE
Ci
Cf

initial concentration
final concentration

Greek letters
Σtar point in CCD

mg.L-1
mg.L-1

[19]

-

[20]
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