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Abstract
Coagulation is a well-known technology applied in water and wastewater treatment. Inorganic salts, such as alum, ferrous 
sulfate, and polyaluminum chloride, are usually used. It is widely known that utilization of these inorganic coagulants poses 
several disadvantages, such as high coagulant cost and high sludge volume that increase water treatment expenses. The use 
of alum also poses health risk to human as it may cause degenerative diseases. In order to minimize these disadvantages, 
the use of various coagulants from natural resources has been recently proposed. In this research, study was performed on 
the extraction and use of a potential natural coagulant (Leucaena leucocephala) seed kernel as natural coagulant. Leucaena 
seed kernel was extracted at various NaCl concentrations (0–5 mol L−1). Extract with highest protein content obtained at 
NaCl concentration of 3 mol L−1 was further used to treat a synthetic wastewater model substance (Congo red solution) at 
various pH (2–10) and dosage (2–40 mL L−1). This natural coagulant successfully removed 99.9% of the color at pH 3 and 
dosage 10 mL L−1, with only half sludge volume discharged when compared to alum. The result suggests that leucaena is a 
promising natural coagulant for water and wastewater treatment.
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Introduction

Textile industry consumes huge amount of water and chemi-
cals during its operation. Consequently, a high volume of 
wastewater containing acids, solvents, starch, bleaching 
agents, dyes, etc., that contribute to high level of biological 
oxygen demand (BOD), chemical oxygen demand (COD), 
turbidity, toxic chemicals, and dyes (Naje et al. 2016; Verma 
et al. 2012) is usually generated. In developing countries, 
textile wastewater is most of the time directly discharged 
to river body without further treatment. This practice poses 
serious detrimental effect to environment, as it could lead 
to death of aquatic life and induce negative health effects 
to human (allergy, dermatitis, and suppression of immune 
system) (Verma et al. 2012).

Various emerging technologies has been currently devel-
oped to treat textile wastewater, namely adsorption (Adebisi 

et al. 2017; Singh et al. 2018), advanced oxidation processes 
(AOPs) (Al-Kdasi et al. 2004), biological treatment (Imran 
et al. 2015), and membrane technology (Dasgupta et al. 
2015). However, conventional coagulation–flocculation 
process is still a widely selected technology due to its sim-
plicity and efficiency. Metal salts such as aluminum sulfate 
(alum), ferric chloride, and polyaluminum chloride (PAC) 
are commonly used as coagulant. These metal salts pose 
environmental problem due to large volume toxic sludge 
generated and negative health implications exhibited if 
the treated water is consumed by human (Lee et al. 2014). 
These disadvantages have recently stimulated researches on 
the exploration of potential natural coagulant. Various non-
plant [e.g., chitosan (Alaba et al. 2018), alginate (Saranya 
et al. 2014)] and plant-based coagulants, such as Ipomoea 
dasysperma (Sanghi et al. 2006), Moringa stenopelata (Dal-
vand et al. 2016), Acacia mearnsii de Wild (Beltran-Heredia 
et al. 2011), and Plantago ovata (Ramavandi and Farjadfard 
2014), have been proposed as natural coagulant to treat tex-
tile wastewater.

Direct utilization of plants’ part as natural coagulant (e.g., 
using powdered seeds) is possible. However, further treat-
ment of plants to isolate active coagulating agents is needed 
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to remove undesired organic constituents that could increase 
the organic content in water (Yin 2010). Salt extraction has 
been known to be one of the suitable methods to isolate 
protein, which could act as polyelectrolyte in coagulation 
process. Birima et al. (2013) explored various salts, namely 
NaCl,  KNO3, KCl,  NH4Cl, and  NaNO3, to extract protein 
from peanut (Arachis hypogaea) and reported that NaCl was 
the best salt to be used due to its availability and economi-
cal reason (Birima et al. 2013). Moringa stenopelata extract 
has been utilized as a natural coagulant for synthetic direct 
red 23 wastewater (Dalvand et al. 2016). Among various 
salts (NaCl, KCl,  NaNO3, and  KNO3) used in their study, 
NaCl extract was found to give the highest removal. Rama-
vandi and Farjadfard (2014) has successfully applied Plan-
tago ovata  FeCl3 crude extract as natural coagulant to lower 
COD value of textile wastewater (Ramavandi and Farjadfard 
2014). Moringa oleifera seed extract using NaCl 1 mol L−1 
was used as natural coagulant to remove Alizarin Violet 
3R, CI acid red 88, Chicago sky blue, Palatine fast black 
Wan, eriochromecyanine R, and indigo carmine dye with 
comparable results to commercial tannin-based coagulant 
(Beltran-Heredia and Sánchez-Martín 2008; Beltrán-Heredia 
et al. 2009).

Leucaena leucocephala, also known as white popinac, 
lamtoro, petai cina in Indonesia, is an indigenous plant 
commonly found as colony in tropical countries. The tree 
grows up to 3–15 m, with trunk diameter of 0.1–0.5 m 
(Orwa et al. 2009). It is known that 57–64% w (dry basis) 
of leucaena seeds is protein (Sethi and Kulkarni 1994), with 
around 43% of which is globulin (NaCl soluble) (Sethi and 
Kulkarni 1993). Studies have been performed previously 
on the application of leucaena seed powder to treat syn-
thetic turbid water. Kristianto et al. (2018) reported that 
the leucaena seed powder gave comparable performance to 
Moringa oleifera when it was used to remove water turbid-
ity (Kristianto et al. 2018). Another study by Al-Mamun 
and Basir (2016) showed that a maximum of 76% turbidity 
removal has been achieved when using leucaena NaCl seed’s 
extract (Al-Mamun and Basir 2016). In this study, the effect 
of initial NaCl concentration on the protein content of the 
extract was observed. Crude extract with highest protein was 
further applied in series of jar test experiments performed 
to study the effect of initial pH and coagulant dosage on the 
separation of Congo red dye in a synthetic textile wastewater 
model substance.

Methodology

Coagulants preparation

Dried leucaena seed was obtained from local market in 
Probolinggo, Indonesia. The dried seed was crushed using 

commercial food processor, and leucaena seed kernel was sep-
arated from its brown hull using 80-mesh sieve. The obtained 
leucaena seed kernel powder was stored in a sealed container 
inside a desiccator.

The coagulant extraction was performed by stirring 5 g 
of leucaena seed kernel powder and 100 mL of NaCl solu-
tion at various concentrations (0, 0.5, 1, 3, and 5 mol L−1) for 
30 min. The obtained suspension was subsequently filtered 
through Whatman No 40 filter paper, and the protein content 
of the collected filtrate was tested using Bradford protein assay 
(Bradford 1976). To summarize, 0.1 mL of sample was mixed 
with 5 mL Bradford reagent (mixture of 100 mg Coomassie 
Brilliant Blue G-250, 50 mL ethanol 95% v/v, and 100 mL 
phosphoric acid 85% w/v, diluted to 1 L), and absorbance of 
the mixture was measured at maximum wavelength (595 nm). 
The result was compared to bovine serum albumin (BSA) 
standard. Extract with highest protein concentration obtained 
in this step was used for jar test experiment.

Preparation of Congo red solution

Synthetic dye wastewater was used as a model substance in 
this study to minimize the disturbances of real effluent. Congo 
red stock solution was prepared by dissolving Congo red pow-
der (1 g L−1) in distilled water. This stock solution was further 
diluted to give solutions with necessary concentrations.

Jar test experiment

The coagulation test was conducted using jar test apparatus. 
Congo red solution (initial concentration of 50 mg L−1) was 
mixed at various initial pHs (adjusted using 0.1 N HCl or 
NaOH) with various dosage of freshly made leucaena seed 
kernel extract. The effect of pH study was done at fixed dosage. 
The best pH obtained was used for the variation of coagulant 
dosage study. Variation in experimental condition is presented 
in Table 1. The mixtures of Congo red solution and leucaena 
extract coagulant was subjected to rapid mixing (200 rpm for 
3 min), followed by slow mixing (60 rpm for 30 min), and set-
tling for 1 h. Sample (5 mL) was subsequently collected using 
volumetric pipette at 3 cm below liquid surface, and initial 
and final concentrations of Congo red were determined using 
visible spectrophotometer (Thermo Scientific GENESYS 20) 
at maximum wavelength of 510 nm. The % removal of Congo 
red dye was calculated using Eq. (1), while the sludge volume 

Table 1  Variation of pH and dosage in this study

Study pH Dosage (mL L−1)

pH effect 2, 3, 4, 6, 8, 10 20
Dosage effect Best pH 2, 6, 10, 14, 18, 20, 30, 40
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(mL L−1) formed was measured after 1 h settling using 1 L 
Imhoff cone and calculated using Eq. (2).

The performance of leucaena seed kernel extract was 
compared to alum  (Al2(SO4)3—technical grade). The alum 
coagulant was prepared by dissolving 10 g of alum powder 
to 1 L distilled water. Floc formation was observed by pipet-
ting samples to hemocytometer platelet, and the images was 
taken using light microscope at a magnification of 400×.

Results and discussion

Effect of NaCl concentration on protein extraction

Effect of NaCl concentration on the protein extraction is 
presented at Fig. 1. Protein concentration increases at higher 
salt concentration, until optimum concentration at 3 mol L−1. 
Compared to extracted protein by using distilled water, the 
protein extracted at 3 mol L−1 NaCl was 1.59 mg mL−1, 
which was two times higher. It is hypothesized that increase 
in protein solubility at higher NaCl concentration was due 
to salting in phenomenon, where opposite charge of salts ion 
and protein hydrophilic functional groups interact with each 
other forming double layer and reducing electrostatic inter-
action of protein molecules resulting in increased protein 
solubility (Machado et al. 2007). However, further increase 
in NaCl concentration gave decrease in extracted protein 

(1)

%removal

=
Final concentration

(

mg L−1
)

− Initial concentration
(

mg L−1
)

Initial concentration
(

mg L−1
)

× 100%

(2)

sludge volume =
volume of sludge formed at 1 hour (mL)

total volume of solution (L)

due to salting out phenomena. It is known that high salt 
concentration resulting in strengthening of attractive pro-
tein–protein interaction thus lowering its solubility (Zhang 
2012). This phenomenon is known as salting out. The pro-
tein extracted from leucaena seed kernel was higher than 
chestnut (0.44 mg mL−1) (Šćiban et al. 2005), and Mor-
inga oleifera (0.86 mg mL−1) (Antov et al. 2012), although 
smaller than mustard seeds (4.1 mg mL−1) (Bodlund et al. 
2014). The differences could be caused by difference of ini-
tial protein concentration in the seeds and extraction condi-
tion. The leucaena seed kernel extract that obtained at NaCl 
concentration of 3 mol L−1 was further used as natural coag-
ulant in this study.

Effect of initial pH on Congo red removal and sludge 
volume

Effect of initial pH on dye coagulation and sludge volume is 
presented in Fig. 2. Percentage of coagulated dye is slightly 
increased at pH 3 before dropped significantly at pH 4. Fur-
ther increase in pH gave no significant effect to Congo red 
dye removal. As for sludge volume, there was decrease in 
sludge volume obtained after coagulation process at pH 2–3. 
However, at low Congo red dye removal percentage (pH 
4–10), the formation of sludge was not observable.

From the observation, it could be concluded that per-
formance of leucaena seed kernel extract was pH sensitive. 
Protein is present at a significant amount in the extract and is 
hypothesized to be the active coagulant agent in the removal 
of Congo red dye. Protein itself is an amphoteric molecule, 
and its charge changes at different pHs. At pH higher than 
its isoelectric point, the protein would be negatively charged, 
and vice versa. On the other hand, Congo red is an anionic 
dye, which is negatively charged when dissolved in water. 

Fig. 1  Effect of NaCl concentration to protein extracted Fig. 2  Effect of initial pH on % removal and sludge volume
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From these two facts, it could be concluded that charge neu-
tralization was the possible coagulation mechanism. Fur-
ther increase in pH caused protein to be negatively charged, 
resulting in electrostatic repulsion of protein and dye mol-
ecules (Chethana et al. 2016). This phenomenon explained 
the low Congo red dye removal at pH above 3.

Effect of coagulant dosage

Coagulant dosage is an important parameter that should 
be studied as it directly influences the effectiveness of 
coagulation process. The effect of leucaena seed kernel 
extract dosage to coagulation performance is presented in 
Fig. 3. At low dosage (2 mL L−1), only 72% removal was 
achieved. The use of higher dosage resulted in increased 
Congo red dye removal, with a maximum removal of 
99.9% at dosages of 10–14  mL  L−1. Further addition 
of coagulant, however, slightly decreased dye removal 
at around 98–99%. Higher sludge volume was achieved 
when coagulant dosage was increased. Similar trend was 
also obtained by other researcher (Fatombi et al. 2013). 
Further addition of coagulant resulted in inefficient coag-
ulation process, as also reported previously (Pritchard 
et al. 2010).

Comparison of leucaena seed kernel extract 
coagulating performance with alum

As presented in Table 2, utilization of alum gave higher 
sludge volume compared to leucaena seed kernel extract at 
similar removal value. According to Ndabigenesere et al. 
(1998), alum forms aluminum hydroxide precipitates con-
tributing to total sludge volume produced in coagulation pro-
cess. On the other hand, natural coagulant induces agglomer-
ate formation, which in turn resulted in larger settleable floc 
with no additional formation of precipitates (Ndabigengesere 
and Narasiah 1998). Visual observation of floc formation 
in this study was performed using light microscope and is 
presented in Fig. 4. It is obvious that larger and denser flocs 
were formed when using leucaena coagulant (Fig. 4a–d) 
compared with flocs produced using alum (Fig. 4e). A simi-
lar trend was also observed by Dalvand et al. (2016) who 
used Moringa stenopelata as natural coagulant. They found 
that flocs formed by alum are light and dispersed compared 
with dense flocs obtained from the use of natural coagu-
lant (M. stenopelata) (Dalvand et al. 2016). Observation on 
Fig. 4 also showed that leucaena seed kernel extract formed 
floc faster than alum, as much larger floc size was obtained at 
a same observation time. Larger floc was desired as it eases 
the removal from water (Fitria et al. 2014).

Effect of coagulant dosage at the highest removal was fur-
ther observed. Flocs with larger size were generally formed 
at increased time. (See Fig. 4a, b and c, d). It could also be 
observed that at higher coagulant dosage, the smaller parti-
cle was observed. This obtained trend could give explanation 
to the results of sludge volume measurement presented in 
Fig. 3. We speculate that with the higher coagulant dosage, 
the overall charges of the solution became more positive, 
but not extremely positive as no colloid restabilization was 
observed. As the overall charges changed, the collisions of 
agglomerates became more difficult, and thus the particles 
became smaller in size.

Observation on Table 3 showed that the use of leucaena 
extract generally gave higher Congo red dye removal com-
pared with the used of various natural resources as coagulant 
at similar Congo red dye concentration. This showed high 
potency of leucaena as alternative natural coagulant. Further 
study of coagulant purification and identification of the exact 
active coagulating agent could be explored.

Fig. 3  Effect of dosage (at pH 3) on % removal and sludge volume

Table 2  Comparison of 
leucaena seed kernel extract 
vs alum performance in 
coagulating Congo red

Coagulant Coagulation condition % Removal Sludge vol-
ume (mL L−1)

Approximate floc size (μm)

Leucaena seed 
kernel extract

Dosage 10 mL L−1, pH 3 99.92 22 18 (15 min), 43 (30 min)
Dosage 14 mL L−1, pH 3 99.94 32 9 (15 min), 23 (30 min)

Alum Dosage 10 mL L−1, pH 3 99.92 46 4 (30 min)
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Conclusion

Utilization of leucaena seed kernel as natural coagulant 
was studied in this research. Various NaCl concentra-
tions were used, and concentration of 3 mol L−1 gave 

the highest protein (BSA equivalent) concentration. The 
extract obtained at this condition was further used as natu-
ral coagulant for synthetic Congo red solution removal. It 
was observed that pH 3 gave best Congo red dye removal. 
At acidic pH, the extracted protein was protonated and 

(a) (b) (c)

(d) (e)

50 μm

Fig. 4  Microscope observation of floc formation at 400× for sample leucaena seed kernel extract dosage 10 mL L−1 sampling at 15 min (a), 
10 mL L−1, 30 min (b), 14 mL L−1, 15 min (c), 14 mL L−1, 30 min (d), and alum, 10 mL L−1, 30 min

Table 3  Comparison of various natural coagulants in removing Congo red synthetic wastewater

Natural coagulant Coagulant preparation Coagulant dosage pH Congo red 
concentration 
(mg L−1)

% Removal References

Leucaena seed kernel 
extract

Extracted with 3 mol L−1 
NaCl

10 mL L−1 3 50 99.9 This study

Alginate Calcium alginate 20–60 mg L−1 4 50–250 92.2–96 Vijayaraghavan and 
Shanthakumar (2016)

Moringa oleifera Seed powder 25 mg L−1 4 60 98.0 Patel and Vashi (2012)
Zea mays Seed powder 25 mg L−1 4 60 89.4
Moringa oleifera Seed powder 30 mg L−1 4 50 83 Vijayaraghavan and 

Shanthakumar (2015)Phaseolus vulgaris Extracted with 0.5 mol L−1 
NaCl

30 mL L−1 4 50 73

Azadirachta indica Extracted with water 1400 mg L−1 3 500 58 Chethana et al. (2016)
Acanthocereus tetragonus Extracted with water 1218 mg L−1 3 50–500 84–97
Moringa oleifera Extracted with water 1260 mg L−1 3 50 99
Cicer aeternum Seed powder 800 mg L−1 3 500 89
Ocimum basilicum Extracted with 0.9% NaCl 1.6 mg L−1 6.5 50 68.5 Shamsnejati et al. (2015)
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neutralized negative charges of Congo red dyes, thus 
encouraging floc formation through charge neutralization 
mechanism. The dosage was varied at the best pH, and 
it was obtained at low dosage, and also low removal was 
obtained. Further addition dosage did not give significant 
change to the color removal; however, the sludge volume 
increased along with dosage addition. This phenomenon 
was possible due to smaller floc size formed, thus making 
the sludge more porous and higher in volume. Compared 
to alum, the leucaena seed kernel extract gave same % 
removal with half sludge volume. The best coagulation 
condition in this experiment was obtained at pH 3 and 
dosage of 10 mL L−1 which gave % removal of 99.9% and 
sludge volume 22 mL L−1.
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