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ABSTRACT: Five natural coagulants extracts in saline were evaluated: stems Hylocereus cf. 
trigonus (Cactus), exudate gum Albizia saman (Campano), bark Guazuma ulmifolia (Guácimo) 
and bark and seed of Moringa oleífera (Moringa) in raw water samples taken from the Sinú 
river with initial turbidity levels between 56 and 300 nephelometric turbidity units (NTU). 
With Jar tests, the turbidity removal effi ciencies as a function of percent activity coagulant 
dosages applied between 5 mg/L to 200 mg/L was determined. Although the Total Organic 
Carbon (TOC) is an important parameter of the water quality, it was not included in this 
study because it has been found that the Sinú river turbidity is from sedimentary origin and 
its stream has a low organic load. The optimal extract dosage was found to be between 10 
mg/L and 40 mg/L obtaining removal effi ciencies from 40% (turbidity lower than 100 NTU) 
to 90% (initial turbidity higher than 150 NTU) for extracts of stems H. cf. trigonus, exudate 
gum A. saman, bark G. ulmifolia and bark M. oleífera. The M. oleífera seed extract had the 
greatest turbidity removal effi ciency even when using an initial turbidity higher than 150 
NTU, achieving a coagulant activity up to 98%.

RESUMEN: Se evaluaron cinco extractos coagulantes naturales en solución salina de tallos 
de Hylocereus cf. trigonus (Cactus), exudado gomoso de Albizia saman (Campano), corteza de 
Guazuma ulmifolia (Guácimo) y corteza y semilla de Moringa oleífera (Moringa), en muestras 
de agua cruda tomadas del río Sinú, con niveles de turbidez inicial entre 56 y 300 unidades 
nefelométricas de turbidez (UNT). Con ensayos de jarras, se determinó las efi ciencias 
de remoción de turbidez, como una función del porcentaje de actividad coagulante, para 
dosis aplicadas entre 5 mg/L a 200 mg/L. Aunque el Carbono Orgánico Total (COT) es un 
parámetro importante en la calidad del agua, no se incluyó en este estudio debido a que se 
ha hallado que la turbidez del rio Sinú es de origen sedimentario y su corriente tiene una 
baja carga orgánica. Las efi ciencias de remoción variaron de 40% (con turbidez menores a 
100 UNT) hasta 90% (con turbidez inicial mayor a 150 UNT), para dosis óptimas de 10 mg/L 
a 40 mg/L de extractos de tallos de H. cf. trigonus, exudado gomoso de A. saman, y cortezas 
de G. ulmifolia y de M. oleífera. El extracto de mayor efi ciencia fue el obtenido de la semilla 
de M. oleífera, siendo más efectivo con turbidez mayor a 150 UNT, logrando una actividad 
coagulante hasta del 98%.   
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1. Introduction
Access to drinking water and safety sanitation systems for 
many communities around the world is limited. According 
to the United Nation Children’s Fund –UNICEF, around 
15% of the world population does not have drinking 
water [1-3], in addition, the World Health Organization –
WHO established that at least 11% of world population, 

equivalent to 783 million of people, does not have access 
to drinking water and thousands of millions do not receive 
sanitation services in spite of the accomplishment of the 
millennium development goal of halving the proportion of 
people without access to drinking water before the year 
2015 [4].  In Colombia just 11.8% of the rural sector has 
drinking water supply [5], while the urban sector has 97. 6% 
of aqueduct coverage [6].

The aluminum sulfate and ferric chloride have been 
traditionally used as primary coagulants in clarifi cation and 
potabilization processes of the raw water [7] even though 
municipalities from the Colombian Atlantic coast do not 
have a drinking water supply with adequate treatment [8]. 
The usage of the current coagulants has disadvantages 
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associated with the high acquisition costs, the production of 
high volumes of sludge, changes of water pH and alkalinity 
[9, 10], possible relation with Alzheimer and some kinds of 
cancer [11, 12], problems that could be minimized using 
natural coagulants that can be extracted from plants and 
animals, as well as some microorganisms [1, 7, 13, 14].

Natural coagulants are mostly carbohydrates 
(polysaccharides) and proteins [15]. They are polymeric 
compounds that can have even ionic or no ionic character 
(cations or anions), where the ionic ones are commonly 
known as polyelectrolytes. The principal advantages of the 
implementation of natural coagulants are the following:  
Organic and inorganic turbidity removal, reduction of true 
and apparent color, production of easy to deal with sludge, 
destruction of pathogens, algae and planktons, as well as 
the elimination of substances imparting odor and flavor.  

Natural coagulants usage is profitable since the treatment 
low costs, the steady pH levels in the treated water and 
because they are highly biodegradable. These advantages 
are even better if the plants used to extract the coagulant 
are autochthonous from the rural communities [16, 17]. 
Generally, the mechanisms followed by natural coagulants 
are ruled by the absorption processes and the subsequent 
charge neutralization or polymeric bridge effect [15].

Saline extracts of natural coagulants (SEC) of the following: 
stem of Hylocereus cf. trigonus (Cactus), exudate gum 
of Albizia saman (campano), bark of Guazuma ulmifola 
(Guácimo) and bark and seed of Moringa oleífera (Moringa) 
were used in order to evaluate their efficiency for removing 
raw water turbidity of the Sinú river; which is important 
since this river is the principal source providing water 

2.3. Preparation of coagulant 
extracts
The epidermis of H. cf. trigonus stems collected was 
removed, cut into small pieces of about 1 cm2 and dried in a 
K Gemmy hot air sterilizer, model YCO-010 at 103°C during 
2 hours [19, 20]. The A. saman exudate gum was collected 

to the aqueduct systems in the department of  Córdoba  
(Colombia); however, its turbidity levels are higher than 
1,200 NTU, during the rainy season, and even higher than 
40 NTU, during the dry season [18].

2. Experimental
2.1. Sampling of raw water
Raw water samples for this study were collected from the 
Sinú river at the neighborhood of Mocarí, municipality of 
Monteria, Department of Córdoba, Colombia; between the 
months of November of 2013 and June of 2014, for a total 
of five simple samplings that included both dry and rainy 
seasons.

2.2. Collection and selection of 
plant material
Plant material was selected considering the information of 
previous studies where they have shown good properties 
such as: coagulant activity, availability and nutrient 
composition, especially the content of protein and 
carbohydrates [17], as the ones that had been reported for 
the exudate gum of A. saman and the seed of M. oleífera.  
Nevertheless something to highlight is that the coagulation 
efficiency in raw water of extracts prepared from stems of 
H. cf. trigonus, and bark of G. ulmifolia and M. oleífera have 
not been investigated. Plant samples were taxonomically 
classified in the Herbarium of the University of Cordoba –
HUC. Table 1 shows the type of plant material used and its 
origin.

one week later after making grooves shaped cuts in the 
trunk of the selected trees, the gum was stored in glass 
recipients and dried in the oven at 45°C during 8 hours [21, 
22]. M. oleífera seed was obtained from the dried pods that 
were manually removed from the shell and then dried at 
room temperature through 1 day [16, 23]. Once dried, gum, 
stems and seeds were ground in a manual grinder of the 
brand Corona, obtaining a fine powder that was sieved 

Table 1  Selected plant material
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using a mesh of 0.6 mm of the brand Grain Test (Number 30 
according series of Tyler ATSM E-11/2004). The M. oleífera 
bark and G. ulmifolia were crushed with a hand grater for 
obtaining small particles [24].

Then, 10.0 grams of each of the five processed plant 
materials were taken and dissolved up to 1.0 liter with 1.0% 
(w/v) saline solution. The solutions were initially mixed 
through 1 hour with a Schott E & Q AMPC-1 magnetic 
stirrer, then centrifuged at 3,500 rpm during 10 minutes 
in a centrifuge of the brand K Gemmy model PLC-05 and 
finally filtered under reduced pressure with a vacuum 
GAST-Mod-DUAp104-AA using a cellulose filter paper. The 
filtrates were labeled as coagulants saline extracts (SCE 
10,000 mg/L) for each processed plant material and kept 
refrigerated at 4°C.

Total carbohydrates were quantified for each of the five SEC 
by the Anthrone method (absorbance at λ= 625 nm), using 
a standard starch solution (Starch, SIGMA-ALDRICH, CAS: 
9005 -25 to 8, 33615-250G, Lot # SBZC3340V). Moreover, 
the protein content was determined by the Biuret method 
(absorbance at λ= 540 nm) using a standard albumin solution 
from bovine serum (ABS, 30%±2% in NaCl 0.85%, SIGMA-
ALDRICH, A7284, 50ml, Lot # SLBD0064V), the colorimetric 
measurements were made with a spectrophotometer 
Thermo Scientific Genesys 10S UV-Vis; also an analysis 
by Fourier Transform Infrared Spectrometry –FTIR using a 
Shimadzu IRTracer-100 was performed in order to identify 
the active functional groups of molecules involved in the 
coagulant process [9].

2.4. Jar tests
To determine the optimum coagulant dose able to remove 
the maximum raw water turbidity, a jar test was performed 
in a flocculator E&Q model F6-330-T [25-27].  SEC at dosage 
of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 80, 90, 100 
and 200 mg/L (17 doses) were applied to raw water samples 
with initial turbidity of 56, 71, 104, 200 and 301 NTU (5 
levels), for a total of 85 samples for each SEC. Rapid mixing 
process was maintained at 200 rpm up 1 minute, while the 
slow mixing was 40 rpm for 20 minutes. Samples were 
subjected to sedimentation during 20 minutes and then the 
residual turbidity was measured with a turbidimeter HACH 

Table 2  Total content of carbohydrates and protein for each SEC

2001P following the standard methods of the American 
Public Health Association (APHA), 2005 [28]. The residual 
turbidity of sample was RTS. The same coagulation test was 
performed without coagulant as the blank. The residual 
turbidity in the blank was RTB. Coagulation activity was 
calculated as shown in Eq. (1) [13]:
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function on the initial turbidity (Ti) and residual turbidity of 
the sample (RTS), according to Eq. (2):
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2.5. Model and statistical 
analysis
Experiments were performed by triplicate for each of the 
doses tested with the five SEC. For statistical and graphical 
analysis the Desing Expert 8.0.2.0 Trial version software 
was used. A cubic model was generated and an analysis of 
variance was applied in order to visualize the relationship 
between the experimental variables and responses through 
surface charts [29, 30].

3. Results and discussion
The total content of carbohydrates and proteins for the 
five SEC ranged from 85.08 mg/L to 1,890.30 mg/L and 
0.13 mg/mL to 4.43 mg/mL, respectively, as shown in 
the Table 2. These compounds are mostly classified as 
natural coagulant [15, 16], and their concentrations give an 
indication of the degree of coagulation efficiency of the five 
SEC studied. 
Figure 1 shows the infrared spectrum (IR) of the five SEC. 

Spectra qualitatively confirm the presence of functional 
groups since the characteristic absorption bands generated 
that are specific vibration patterns of those molecules.

Spectroscopic analysis of the aqueous sodium chloride 
solution and the five SEC exhibited the following results: 
The infrared spectrum (FTIR 1a, Liquid) of the aqueous 
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Figure 1  FTIR spectra for: a) aqueous solution of NaCl, b) SEC-H. cf. trigonus stem, c) SEC-A. saman exudate 
gum, d) SEC-G. ulmifolia bark, e) SEC-M. oleífera bark, f) SEC-M. oleífera seed. Solution concentrations of 

10,000 mg/L
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sodium chloride solution showed characteristic bands at 
the following wavenumbers (cm-1): 3,500-4,000 (symmetric 
and asymmetric and tensions of O-H or free N-H); 1,600 
(Flexions of N-H or O-H), typical signals of water molecule, 
in this case corresponds to an aqueous solution of NaCl 
10,000 mg/L, and sodium chloride is transparent to the 
radiation in the IR region of the electromagnetic spectrum. 

Infrared spectra (FTIR 1b, 1c, 1d, 1e and 1f, Liquid) of the five 
SEC were similar and showed the following characteristic 
bands (wavenumber, cm-1): at 3,500-4,000 (symmetric 
and asymmetric tensions of O-H or free N-H); at 1,600-
1,700 (N-H or O-H flexions, indicating the presence of the 
carbonyl group); at 2,350 (tensions of -N=N- o -C=C=C-, 
associated with the presence of molecules that may contain 
heterocyclic rings with nitrogen heteroatoms, which 
suggests they correspond to basic amino acids); at 1,950-
2,300 (tensions due to the presence of triple and double 
bonds such as  nitrile, diazo, allenes, thiocyanate, ketenes); 
at 1,500-1,550 showing two bands of varying intensity that 
may correspond to a secondary amide.
According to what was observed in the spectra, extracts 
would be composed of molecules with several functional 
groups since they were not purified and consequently were 
no selective to a particular substance. The FTIR spectra 
exhibited a similar pattern, which confirms that the extracts 
had similar functional groups and composition; therefore 
the coagulation mechanisms and /or the coagulant activity 
could be attributed to common molecules or substances 
such as proteins, carbohydrates (hetero-saccharides) and 
polyphenols, among others. This is in accordance with the 
presence of primary and secondary metabolites detected 
in SEC.

With the results of the jar test, a cubic response surface 
model was constructed and an analysis of variance 
was applied. All ANOVAs showed p-values lower than 
0.05, indicating that the model terms were statistically 
significant. The adjusted determination coefficients (R2) 
were consistent for every SEC and are indicated as follows:  
H. cf. trigonus = 0.95; exudate gum of A. saman = 0.97; G. 
ulmifolia cortex = 0.95; M. oleífera bark and seed, 0.89 and 
0.84 respectively. Those results suggest that the used 
model properly describes the coagulant activity efficiency 
of the tested extracts and present them as potential 
natural coagulants. In the Figure 2, the diagrams of surface 
response models are shown.

Figures 2a and 2b show diagrams for coagulant activity for 
extracts of H. cf. trigonus and A. saman, a similar function of 
the initial turbidity and the applied dose is observed in both 
of them. For the Sinú river raw water turbidity, which is until 
100 NTU, it was possible a maximum coagulant activity 
for both extracts of 40 %. However, when the raw water 
initial turbidity was higher than 150 NTU the coagulant 
activity increased in a 80%, in a proportional way with 
the increase of the applied doses, in particular, with the 
gummy exudate of Campano, giving as a result flocs with 
gummy appearance that were formed from the extract own 
characteristics [9]. For both extracts, dosages higher than 
60 mg/L did not have a significative coagulant activity on the 
samples, even that, they altered the initial physicochemical 

characteristics, as the increase of residual turbidity and 
color. These results are according to the literature [21, 22, 
31], for the exudate gum of Samanea saman, Cedrela odorata 
and Acacia siamea, respectively. These are water soluble 
polymers with clarified properties, where the increase 
of the coagulant extract doses leads to the descent of 
turbidity removal and the color increase, fact that can be 
explained by the flocs reinvestment and colloidal particles 
regeneration [21]. Accordingly, with a low coagulation it 
can be obtained an increase in turbidity, so it is advisable 
to apply low dosages of these extracts, from 10 to 50 mg/L, 
for levels of initial turbidity of raw water from the Sinú river  
between 50 and 300 NTU.

The coagulant activity behavior for Cactáceas can be 
explained by its coagulant mechanism (adsorption and 
bridge between particles) where the coagulant and particles 
form bonds, absorbing pollutants until the saturation and 
the inactivation of coagulant activity [8, 15, 19, 20, 32, 33]. 

Mucilage in some types of Cactus contains carbohydrates, 
such as L-arabinosa, D-galactose, L-ramnosa, D-xilosa and 
galacturonic acid [15]. [32] informed that the galacturonic 
acid is the active ingredient that offers the coagulant capacity 
acting predominantly through a transition mechanism 
of coagulation, where the solution particles do not get 
in contact between them, but are linked to a polymeric 
material that is generated from the cactus species. The 
presence of carbohydrates as polysaccharides, glucose, 
xylose, galactose, arabinose, cactus pectin constituents, 
would be related to their viscous consistency (mucilage) 
and these substances in aqueous solution generate the 
suspension of other insoluble substances that induce the 
colloidal particles coagulation.  The presence of long chain 
polymers on SEC-Cactus may be related to the elongated 
appearance of flocs. The SEC of A. saman and H. cf. trigonus, 
contain levels of total carbohydrates from 1,341.20 mg/L to 
163.36 mg/L and total protein from 1.76 mg/mL to 0.35 mg/
mL, respectively. Coagulants extracts with high values of 
carbohydrates and appreciable amounts of protein, provide 
molecules that may be involved in coagulation mechanisms 
and thus, in the turbidity removal.

In Figures 2c and 2d the efficiency of coagulant activity 
of G. ulmifolia bark and M. oleífera is shown, a similar 
behavior between them can be appreciated. For a turbidity 
higher than 200 NTU, a better efficiency was obtained 
between 70% and 80%, for a turbidity less than 100 NTU 
the efficiency of coagulant activity were less than 50%, 
independent of the applied doses. This behavior can be 
related to the bark similar composition, to the tannins 
presence or other phenolic composites extracted from 
these cortices, whose efficacy as a natural coagulant for 
water treatment is influenced by its chemical structure 
and modification grade, providing an indication that the 
phenolic groups are available on the possible structure for 
molecular interactions with charged particles in solution 
are given, making them more effective in their coagulant 
ability [15, 34]. Such as the SEC of Cactus, Guácimo extract 
also generates a viscous substance which precipitates in 
alcohol and has coagulant properties, it is known that it has 
been used effectively in the cane juice clarification [24, 35] 
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and consistent with this research results, is also efficient 
in turbidity removal of raw water. The SEC of G. ulmifolia 
bark and M. oleífera, contain levels of total carbohydrates 
of 61.00 mg/L and 85.08 mg/L and total protein 0.13 mg/
mL and 0.18 mg/mL respectively. These compounds have 
been reported as potential coagulants such as the phenolic 
compounds contained in the trees bark. From these 
results, it is recommended to apply doses of the extracts 
from M. oleífera bark and G. ulmifolia bark between 5 and 30 
mg/L for turbidity initial levels of raw water of the Sinú river 
between 50 and 300 NTU. 

Figure 2 Diagram of coagulant activity: a) H. cf. trigonus, b) A. saman exudate gum, c) G. ulmifolia bark, d) 
M. oleífera bark, e) M. oleífera seed

The coagulation mechanism of adsorption and bridge 
between particles related to extracts of Cactus, Campano 
and barks of Guácimo and Moringa, occurs due to chemical 
forces, where interactions between the surface of the 
colloidal particles and coagulant are established by means 
of covalent bonds, ionic bonds, hydrogen bonds, coordinate 
bonds, intermolecular attraction forces or van der Waals 
forces. Therefore, with more sites adsorption available in 
the coagulant, greater amounts of colloidal molecules are 
absorbed. Polymeric high molecular weight molecules 
can be chemically adsorbed on the colloidal particles and 
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average molecular weight of 8.5 kDa and about 65 amino 
acids with -R ionizable group. Protein of M. oleífera provides 
sites than can absorb and neutralize negatively charged 
impurity particles, induce the coagulation and increase 
the removal of turbidity. It is expected that the protein 
has a secondary structure, with little steric hindrance, so 
that the interactions can be easier with the colloids, that 
will make it a more efficient coagulant. Total carbohydrate 
content and total protein for the SEC of M. oleífera seed, was 
1,980.30 mg/L and 4.43 mg/mL, respectively, greater than 
those found for the other four SEC amounts, concentrations 
supporting the presence of said active protein in the extract 
applied and contributed greatly to the increase in coagulant 
activity. Consistent with the results achieved by [37] for raw 
water collected from a treatment plant reservoir stocked 
by the Pueblo Viejo in the state of Zulia, Venezuela, the 
efficiency of the seeds of M. oleífera was very appreciable 
to remove turbidity between 80.1% and 94.3%, showing 
greater efficiency at higher turbidity values. Similarly, the 
literature [23] reported for natural waters with low turbidity 
from shallow wells in Meanwood Yorkshire Water and River 

each branch of the polymer can be adsorbed by another 
colloid, providing molecular bridges, binding the particles 
and forming a floc, destabilizing the colloidal particles and 
inducing deposition [15]. 

Figure 2e shows that for M. oleífera seed coagulant activity 
range is very wide, with maximum values of 90% for 
turbidity between 50-100 NTU. However, coagulant activity 
increases up to values of 98% for initial turbidity levels 
greater than 200 NTU across the range of doses applied. A 
similar behavior was found in the bark of  M. oleífera, so it 
is assumed that they would have coagulant compounds in 
common.

In contrast to the others SEC tested, the M. oleífera seed 
showed a typical behavior of coagulation by adsorption 
and charge neutralization [36]. The efficiency of the 
clotting activity was dependent on the applied dose and 
increased proportionally with the level of turbidity. [15] 
suggests that the active cationic coagulants of M. oleífera 
are globular proteins soluble in water and in saline with 

Figure 3  Performance of natural coagulants dose depending to the initial turbidity: a) 56.33 NTU, b) 71.33 
NTU, c) 103.67 NTU, d) 200.33 NTU, e) 301.33 NTU
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Valley, UK, show turbidity removal up to 76% when using 
M. oleífera seeds. In addition to the above, it is effective to 
apply doses of seed extract of M. oleífera between 10 and 45 
mg/L for initial levels of raw water turbidity Sinú river from 
50 NTU to 300 NTU. 

In all samples tested, no significant changes in pH and 
alkalinity after application of the doses of the five natural 
coagulants occurred. 

In Figure 3, the behavior of each extract tested in terms of 
the initial turbidity of raw water compared Sinú river.

The behavior of turbidity removal for H. cf. trigonus, exudate 
gum of A. saman, bark of G. ulmifolia and M. oleífera was 
very similar to each other, unlike what was found for M. 
oleífera seed.

Figures 3a and 3b show that the removal efficiency of the 
SEC was directly proportional to turbidity, to lower initial 
levels of 100 NTU, except for studies with M. oleífera seed. 
However, for larger values, it was independently applied as 
the initial turbidity of raw water dose. To initial turbidity of 
100 NTU and 200 NTU, the residual turbidity ranged from 
40 NTU to 60 NTU independent of dose and the type of 
coagulant (H. cf. trigonus, A. saman exudate gum, barks of G. 
ulmifolia and M. oleífera), with removal percentages between 
50% and 90% (Figures 3c and 3d).  For high turbidity of Sinú 
river’s raw water (> 200 NTU, Figure 3e) turbidity residuals 
higher than 120 NTU were obtained, making it non-viable 
to use these coagulants in water treatment process, which, 
according to the Colombian norm, the maximum acceptable 
value is 2.0 NTU [38]. These extracts showed constants 
values the residual turbidity, independently from the doses, 
perhaps because they have coagulation mechanisms in 
common, generally associated with charge neutralization 
and adsorption, and bond between particles, which greatly 
increase the number available adsorption sites with 
respect to the chemical structures of natural coagulants 
[15]. M. oleífera extract had a very different behavior to the 
other natural coagulants, being more efficient in terms 
of increased turbidity and varying initial dose achieving 
turbidity removal percentages up to 99%.

4. Conclusion
The five saline extracts of natural coagulants showed 
removal efficiencies that prevent achieving the level of 
residual turbidity requirements of the quality standard 
for drinking water of Colombia (2 NTU). However, with a 
sedimentation process and supplementary filtration, it 
can be used as alternative coagulation-flocculation water 
treatment systems valid for small scale or in rural areas. 
The SEC from M. oleífera seed reached 4 unities of residual 
turbidity with optimal doses and in samples with high 
turbidity, having the best result with a coagulant activity 
until 98%, followed by the SEC of H. cf. trigonus stem, 90%, 
then by the SEC of G. ulmifolia bark and A. saman exudate 
gum, 83%, and finally the SEC from M. oleífera bark with 
77% of removal.  

According to coagulation mechanisms of SEC for barks 
G. ulmifolia and M. oleífera, the removal efficiency did not 
depend on the initial turbidity of raw water from the Sinú 
river or the dosages applied, while for the SEC  M. oleífera 
seed, stems cf. H. trigonus gum exudate and A. saman, if 
dependent on these variables.
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