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Abstract. Pharmaceutical wastewater is one of the most difficult
wastewater to treat due to the presence of pharmaceutical compounds
resulting in high concentration of organic matter, high turbidity and
Chemical Oxygen Demand (COD). Chemical- based coagulation is a
common method used to treat wastewater. However, the issue that has
been raised with the use of chemical coagulants is their presence in water
after treatment that can cause risks to the human health such as Alzheimer
and cancer. Natural coagulants can be used as a safe alternative to these
chemicals instead. Therefore, the objective of this experiment was to study
the effect of H. Sabdariffa and J. Curcas as natural coagulants, separately
and as a combination, on the treatment of pharmaceutical wastewater. Jar
test experiment were carried out where beakers of 0.5L wastewater were
mixed with the coagulants. The pH of the wastewater was varied from 2 to
12 while the coagulant dosage was varied from 40 to 200 mg/L. It was
found that H. Sabdariffa works best at pH 4 and at a coagulant dosage of
190 mg/L with a highest turbidity removal of 35.8% and a decrease of
COD by 29%. J. Curcas was found to perform best at pH 3 and with a
coagulant dosage of 200 mg/L with a highest turbidity removal of 51% and
a decrease of COD by 32%. When J. Curcas and H. Sabdariffa were used
in combination, the optimum composition was found to be 80% J. Curcas
and 20% H. Sabdariffa by weight with a maximum turbidity removal of
46.8% and a decrease in COD by 46%. In comparison between the two
natural coagulants, J. Curcas is found to be a better and more suited
coagulative agent for the treatment of pharmaceutical wastewater. The
same experiment was carried with alum at pH 6 and coagulant dosage of
750 mg/L and a turbidity removal of 48% and a decrease in COD by 38%
were recorded. In comparison with alum, J. Curcas was a better coagulant
in treating the pharmaceutical wastewater. This shows that natural
coagulants can be used to replace chemical coagulants in the treatment of
pharmaceutical wastewater.

1 Introduction
In the last decade, traces of pharmaceuticals in the water cycle including drinking water
have become a subject of discussion among the public, governments and the drinkingwater regulators. Their presence in water, even at low concentrations, has raised concerns
regarding its risks to human health from consuming these pharmaceuticals in drinking
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water [1], [2]. Therefore, it is essential to remove these pharmaceuticals from the
wastewater before consumption. As a result, effective treatment methods must be applied to
efficiently treat the contaminated water. Current pharmaceutical wastewater plants use
methods such as activated sludge, membrane bioreactor and coagulation [3], [4].
Coagulation is a well-known technique used to reduce the pollutant contents in the
water body that are present as turbidity, colour and organic matters [5], [6] . It is used as a
treatment aiming to reduce the amount of pharmaceuticals such as paracetamol in the
wastewater before it leaves as effluents [7]. Coagulants work by neutralising the charges
caused by the colloidal particles. The suspended particles accumulate, forming flocs that
then settle at the bottom and separate from the water suspension [6]. The most common
coagulants used are chemicals such as the aluminium and ferric salts which are highly
effective and cheap. However, recent studies have shown that traces of the aluminium
based coagulants in the treated water can cause Alzheimer and other diseases such as
intestinal constipation, abdominal colic and convulsions [6], [8]. Regarding the use of
synthetic polymers, the presence of its residues in the water can be toxic and have strong
carcinogenic properties [8]. Besides that, they are also ineffective in low- temperature
water, produce large sludge volumes and significantly affect the pH of the treated water [9].
Therefore, researchers are focusing more on using natural coagulants which can be obtained
from plants, animals or microorganisms as replacement to the chemical ones. They are nontoxic, biodegradable and can help to achieve the same results as the chemical coagulants
[10].
Natural coagulants have been used for domestic households in the earlier days for
traditional water treatment. However, due to the cheap cost and effectiveness of chemical
coagulants, the use of natural coagulants was overlooked upon [10]. Furthermore, the use of
natural coagulants have not been sufficiently investigated [10]. Therefore, this paper is
focused on the study of Hibiscus Sabdariffa and Jatropha Curcas as natural coagulants.
These plants are known as natural coagulants due to the presence of proteins in the seeds
that act as an active coagulative agent [10]. These two plants are easily and readily
accessible in various countries. The H. Sabdariffa seeds consist of 29.9% of proteins while
J. Curcas seeds was found to contain 27.2% of proteins [11], [12]. Since the proteins inside
the seeds act as a coagulative agent, both of these plants have the potential to treat
wastewater.
H. Sabdariffa, most commonly known as Roselle, is used in herbal drinks, as food
and as a flavouring agent in the food industry. The flower, known as calyx, is mostly used
for these purposes. The seeds are most often discarded since till now, there is no use for it
[11]. However, these seeds can be used to treat wastewater due to its coagulative properties.
J. Curcas is a shrub or small tree belonging to the Euphorbiaceous family. Its main use is
to extract oil from its fruit which is then used in the cosmetic industry, in soap making and
as a substitute to kerosene or diesel. The seed and the press cake which is the waste after
the oil extraction are normally discarded. However, these contain the protein which is the
active coagulating agent that is efficient in the wastewater treatment [13], [14]. These
wastes and the seeds can be used for coagulation, reducing the amount of waste and
promoting sustainable development [8].
This paper investigates the efficiency of H. Sabdariffa and J. Curcas as natural
coagulants, individually and as a combination, in the treatment of pharmaceutical
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wastewater. The effect of pH and coagulant dosage on the coagulation process are also
studied in this research. The performance of the natural coagulants is compared with the
effectiveness of the chemical coagulant alum.

2 Materials and Methods
2.1 Materials
The materials used for this experiment include: good quality dry seeds of H. Sabdariffa and
Jatropha Curcas, pharmaceuticals (namely paracetamol, ibuprofen, naproxen and caffeine)
to simulate the wastewater, 1M hydrochloric acid and 1M sodium hydroxide (to adjust the
pH of the wastewater), 0.5M sodium chloride solution (to extract the proteins from the
seeds).
2.2 Preparation of synthetic wastewater
Synthetic pharmaceutical wastewater was prepared by dissolving pharmaceuticals in
distilled water to simulate the pharmaceutical wastewater properties in terms of the
concentration of pharmaceuticals present in the wastewater. The pharmaceuticals were
crushed into a fine powder using a mortar and pestle. 62.5 mg of each pharmaceutical
(paracetamol, ibuprofen, naproxen and caffeine) was added to 1L of distilled water to
prepare the stock solution of the synthetic wastewater. The solution was mixed for 1 hour at
50 rpm to achieve uniform dilution of the pharmaceuticals. The synthetic wastewater was
then allowed to settle for 24 hours for complete hydration before it was filtered and ready
for the experiment.
pH of the wastewater was adjusted using 1M hydrochloric acid and 1M sodium
hydroxide before the jar tests.
2.3 Preparation of the H. Sabdariffa and J. Curcas seed powder
Good quality seeds were selected and washed with tap water to remove any dust or
impurities on the shells. They were then dried in an oven at 60 ± 2℃ for 3 hours to remove
all the moisture content from the seeds. The dried seeds were crushed into a fine powder
using a mortar and pestle.
2.4 Preparation of the H. Sabdariffa and J. Curcas coagulant
To prepare the coagulants, sodium chloride was used as the solvent to extract the proteins
from the seed powder. As studied by [13], sodium chloride was found to be the best solvent
compared to distilled water and sodium hydroxide for the extraction of the coagulative
agent from the seeds.
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0.5g of the seed powder was dissolved in 100 ml of 0.5M sodium chloride. The mixture
was blended for 2 minutes using a food processor. The solution was filtered through a
muslin cloth and the filtrate was used in the following jar tests.
2.5 Jar Tests Experiment
The coagulation experiments were carried out by varying the pH, coagulant dosage and
wastewater concentration in terms of the concentration of pharmaceuticals in the water. The
pH was varied from 2 to 12 while the coagulant dosages were varied from 40 to 200 mg/L.
The initial wastewater concentration was investigated at 62.5 mg/L of each pharmaceutical.
The temperature of the wastewater was kept constant at room temperature.
The jar test was used to conduct the coagulation experiments. Six 0.5L beakers were
each filled with 500 mL of wastewater. The optimum pH was first tested by varying the pH
while keeping the coagulant dosage constant at 200mg/L. Upon addition of the coagulant,
the mixture was stirred rapidly at 100 rpm for 4 minutes followed by slow mixing at 40 rpm
for 25 minutes. The rapid mixing is to promote the collision between the pharmaceuticals
and the coagulant while the slow mixing is to allow the growth of the flocs. The mixture
was then allowed to settle for one hour for sedimentation, after which 50 ml of the liquid
was carefully collected without disturbing the flocs settled at the bottom of the beakers. The
liquid was then filtered and the residual turbidity (RT) and COD of the filtrate were
measured. From the results, the pH with the best turbidity and COD removal was chosen as
the optimum pH.
The same procedures were repeated while experimenting with different coagulant
dosages while keeping the pH constant at the optimum value. The COD and turbidity are
measured and the dosage with the best turbidity and COD removal was taken as the
optimum. Next, the initial wastewater concentration was varied while the pH and the
dosage was kept to their optimum values. The initial wastewater concentration with the best
turbidity and COD removal was selected. The same coagulation test without the addition of
coagulants was carried out as a control and the residual turbidity (RTc) and the COD
(CODc) were measured.
The jar coagulation tests were carried out for both J. Curcas and H. Sabdariffa
individually and as a combination.
2.6 Analytical Method
When the pharmaceutical wastewater is put under study, different parameters are always
considered to have a better indication of the characteristics of the wastewater. The
parameters measured are pH, COD, Biological Oxygen Demand (BOD), turbidity, total
suspended solids (TSS) and total dissolved solids (TDS) [15].
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As mentioned earlier in Section 1, coagulation is used to reduce the amount of colloidal
matter in the water. Turbidity measures the cloudiness of the water, and therefore measures
the amount of colloidal matter present inside the water.
Coagulation is a treatment used prior to the biological treatment which involves
activated sludge where microorganisms are used to treat the water [16]. During coagulation,
a reduction of COD is favored so that when the treated water undergoes the biological
treatment, less sludge is produced from the microbial activity. As a result, the two
parameters measured in this study are turbidity and COD.
Turbidity
It was measured using a turbiditimeter (EUTECH Instruments TN-100). The turbidity
removal was calculated as shown by Eq.1:
x 100 %

Turbidity removal =

(1)

Where: (RTc) is the turbidity of the wastewater before undergoing coagulation, (RT) is the
turbidity of the wastewater after undergoing coagulation.
Chemical Oxygen Demand (COD)
COD was measured using reaction cells of range 25-1500 mg/L which contained sulphuric
acid, potassium dichromate and mercury (II) sulphate as reagents. 3 mL of the sample to be
tested was carefully added to the reaction cells inside a fume hood. The cell was then
vigorously shaken and heated at 150 ℃ for 2 hours using a thermoreactor. The cells were
then removed and let to cool to room temperature. The COD was then measured using a
photometer (Prove 300 UV/VIS Spectrophotometer). The COD removal was calculated as
shown by Eq.2:
x 100 %

COD removal =

(2)

Where: (CODc) is the COD of the wastewater before undergoing coagulation, (CODi)is the
COD of the wastewater after undergoing coagulation.

3 Results & Discussion
The synthetic wastewater was prepared to simulate the properties of the real pharmaceutical
wastewater. The properties of the synthetic wastewater prepared are shown in Table 1
below:
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Table 1: Characteristics of synthetic wastewater.
Characteristics of the synthetic wastewater
Temperature (℃)
30
pH
4.95
Turbidity (NTU)
9.96
COD (mg/L)
665

The pharmaceutical compounds used to simulate the wastewater are acidic in nature
and as a result, the wastewater becomes slightly acidic with an average pH of 4.95. The real
wastewater is also acidic due to the acidic nature of the pharmaceutical compounds present
[15].
3.1 Coagulation activity using H. Sabdariffa
3.1.1 Effect of pH on coagulation activity
Fig. 1 and Fig. 2 shows the effect of pH on the turbidity and COD of the treated water after
jar tests. pH is an important factor to consider since the solubility of the matter depends on
the pH level of the wastewater. The wastewater consists of mainly negative charges and the
pH at which the particles become stable is known as the isoelectric point [6]. The pH is
varied from 2 to 12 while the coagulant dosage is kept constant at 200 mg/L. From the
results obtained, it can be seen that the lowest turbidity is obtained at pH 4 with a turbidity
removal of 44.7% and a decrease in COD by 22.9%. This is in agreement with a previous
study done by [6] in which it was found that H. Sabdariffa is efficient under acidic
conditions, especially at pH 4.
This phenomena can be explained by studying the amino acids present in the H.
Sabdariffa seeds and their isoelectric point. The coagulative agent present in the seeds
consists mainly of glutamic acid and aspartic acid which are categorised as acidic amino
acids [17]. While the isoelectric point of glutamic acid and aspartic acid are 3.2 and 2.77
respectively, the seeds also contain significant amount of the other amino acids with
isoelectric point ranging from 3 to 6 as shown earlier in table 3. As a result, the coagulative
agent works best in acidic conditions, especially at pH 3 and 4.
Also, from Fig. 1, pH 4 gives the lowest turbidity of 5.51 NTU with a turbidity
removal of 44.7%. It can also be seen that at some pH values, the turbidity increases above
its initial turbidity of 9.96 NTU. This is because the pharmaceutical wastewater can only be
treated effectively at its optimum pH and at other pH far from its optimum pH, the
coagulation activity fails and is unable to produce any flocs. As a result, it causes an
increase in the turbidity of the water.
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Fig. 1. The effect of pH on the turbidity of the wastewater after coagulation.

Fig. 2. The trend in COD when varying the pH of the wastewater after coagulation.

Fig. 1 and 2 show the relationship between turbidity and COD. The graph for COD
shows a similar trend to the graph of turbidity. This shows that pH also has an effect on the
COD of the wastewater. At pH 4, the % COD removal is 22.9%.
3.1.2 Effect of coagulant dosage on coagulation activity
The formation of flocs depends on the coagulant dosage. The charges of the coagulants
work by neutralising the charged ions in the synthetic wastewater. The floc strength
depends on the attraction and repulsion between the particles. When the dosage is low, the
particles do not have enough energy and therefore form weak and small flocs [18].
Overdosing also result in poor performance of coagulation and also directly increases the
cost of dosing and sludge formation [19]. Therefore, the coagulant dosage was varied from
40 to 200 mg/L.
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From Fig.3, it is found that at 190 mg/L, the coagulant gives the highest turbidity removal
of 28.4% with a COD removal of 28.3%. It can be seen that at lower dosages, the turbidity
removal is low due to insufficient dosages producing weak flocs that are unable to settle
down. This is also in correlation with the findings of [20]. As from 90mg/L of coagulant,
the COD remains stable at 476 mg/L. This shows that the dosage does not have much of an
effect on the COD of the water.

Fig. 3. Percentage removal of turbidity and COD with increasing coagulant dosage.

3.2 Coagulation activity using J. Curcas
3.2.1 Effect of pH on coagulation activity
Fig.4 and Fig.5 show a similar trend with the effect of increasing pH. The lowest turbidity
is observed at pH 3 with a turbidity removal of 41% and COD removal of 34.9%. The
turbidity is reduced from 9.96 NTU to 5.88 NTU. This is in agreement with [13] where it
proves that Jatropha works best in acidic conditions and works best at pH 3.
It can also be observed that only at pH 3 and 4, the coagulative agent is able to reduce
the turbidity. This is because at pH 3 and 4, the positive charges on the amino acids that
make up the protein molecules dominate. The composition of amino acids in the seeds of J.
Curcas was studied by [21]. Glutamic acid and aspartic acid were abundantly found in the
seeds. Since these amino acids are acidic and have an isoelectric point at 3.22 and 2.77
respectively, they favour coagulation in acidic conditions, especially at pH 3 [22]. The J.
Curcas protein is expected to work well as a cationic coagulant agent. As an amphoteric
molecule, the charge of the amino acids is dependent on the pH of the environment. As a
result, this is why we can observe flocs at pH 3 and 4 [23]. However, at pH greater than 3,
the positive and negative charges of the different amino acids in the protein may have
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reduced the cationic potential of the coagulant and as a result, no coagulation can be
observed at these pH [23].
However at other pH values, J. Curcas is unable to neutralise the charges in the
wastewater and unable to produce any flocs. This may be due to the presence of oil in the
jatropha seed powder which was not extracted prior to coagulation. The oil when mixed
with the sodium chloride solvent produces a milky emulsion that causes an increase in
turbidity at pH 2 and at alkaline conditions [14].
Similar to the coagulation activity with H. Sabdariffa, the COD of the treated water
shows a similar trend as the turbidity of the water. When the turbidity decreases, the COD
of the water also reduces. Therefore, this shows that pH also has an effect on the COD of
the water.

Fig. 4. The effect of pH on the turbidity of the wastewater after coagulation.
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Fig. 5. The effect of pH on the COD of the wastewater after coagulation.

3.2.2 Effect of coagulant dosage on coagulation activity
From Fig. 6, it can be seen that the turbidity increases when the coagulant dosage is below
80 mg/L. This is because the dosage is not enough to produce any flocs and therefore the
milky emulsion of the jatropha coagulative agent causes the turbidity of the water to
increase. From 90mg/L onwards, the turbidity considerably decreases and reaches its lowest
turbidity of 4.81 NTU at 200mg/L. The highest turbidity reaches a 51% removal with a
32% decrease in COD.

Fig. 6. The effect of coagulant dosage on the turbidity and COD % removal.
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3.3 Coagulation activity using a combination of H. Sabdariffa and J. Curcas
3.3.1 Effect of pH on coagulation activity
The effect of pH is studied on treatment of water by using a combination of both seeds. As
mentioned in Section 3.1.1, H.Sabdariffa works best at pH 4 while in Section 3.2.1, it was
found that J. Curcas works at an optimum pH of 3. For a combination of both, it is
expected that the coagulants will work under acidic conditions as well. Therefore, the pH is
varied from 2 to 7 while the combination is kept to 200 mg/L with equal amounts of J.
Curcas and H. Sabdariffa (50:50%).
Fig. 7 studies the effect of pH on the turbidity of wastewater after coagulation. It can
be observed that the turbidity considerably decreases at pH 3 and 4. It reaches its lowest
turbidity of 7.59 NTU at pH 3 with a turbidity removal of 24% and a 32.3 % decrease in
COD. Fig. 8 shows that pH also affects the COD of the wastewater. The highest decrease in
COD is observed at pH 3 and pH 4.

Fig. 7. The effect of pH on the turbidity of treated water after coagulation.
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Fig. 8. The effect of pH on the COD of treated water after coagulation.

3.3.2 Effect of coagulant dosage on coagulation activity
Fig. 9 shows the effect of increasing the weight of J. Curcas in the mixture of both
coagulants on the turbidity and COD of the treated water after coagulation. It can be
observed that the % turbidity removal gradually increases from 38.8% to 46.8% when the
% weight of J. Curcas increases. However, the COD remains almost constant at a COD
removal of 46%. This shows that increasing the amount of J. Curcas does not affect the
COD of the water. The optimum composition is 80% J. Curcas and 20% H. Sabdariffa by
weight with a maximum turbidity removal of 46.8% and a decrease in COD by 46%. This
shows that J. Curcas has a higher effect than H. Sabdariffa in the treatment of the
wastewater.
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Fig. 9. The effect of coagulant dosage on the turbidity and COD of the wastewater.

3.4 Coagulation with Alum
The results are compared with the conventional chemical coagulant which is alum. The
effect of alum in the treatment of pharmaceutical wastewater was studied by [7]. It was
found that alum worked best at pH 6 with a dosage of 750mg/L.
The synthetic wastewater was treated with alum with the optimum conditioned
mentioned above. The same experiment was carried out, with only alum being used as the
coagulant. The chemical coagulant was successful in treating the pharmaceutical
wastewater with a turbidity removal of 48% and a COD removal of 53%.
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3.5 Comparison of results for all different coagulants experimented
The results obtained for all different scenarios tested in this research are compared. The
graph below shows the results obtained for all 4 scenarios.

Fig. 10. Result comparison of all the different scenarios tested.

From Fig. 10, it can be seen that in terms of % turbidity removal, J. Curcas gives the
best results compared to the others. It is followed by Alum with a 48% turbidity removal.
H. Sabdariffa gives the lowest results among the 3 coagulants. This shows that the natural
coagulants can be used to replace chemical coagulants in the treatment of pharmaceutical
wastewater since the results obtained are comparable and close to each other. By comparing
both natural coagulants, J. Curcas is the most suitable one to be used as it is more effective
in treating the wastewater.

4 Conclusion
In this study, it was found that both H. Sabdariffa and J. Curcas were able to effectively
treat pharmaceutical wastewater. It was found that H. Sabdariffa works best at pH 4 and at
a coagulant dosage of 190 mg/L with a highest turbidity removal of 35.8% and a decrease
of COD by 29%. J. Curcas was found to perform best at pH 3 and with a coagulant dosage
of 200 mg/L with a highest turbidity removal of 51% and a decrease of COD by 32%. In
comparison, J. Curcas is found to be a better and more suited coagulative agent for the
treatment of pharmaceutical wastewater. Even a combination of both coagulants only gave
a turbidity removal of 46.8%. This study also showed that only pH has a distinctive effect
on the COD of the wastewater while both pH and dosage has an effect on the turbidity of
the wastewater. In comparison with alum, J. Curcas gave a better result in the treatment of
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the wastewater. This research was successful in showing that natural coagulants can be
used to treatment of pharmaceutical wastewater and therefore can replace the use in alum in
treatment plants.
For future work, the oil can be extracted from the J. Curcas seeds prior to
coagulation. Also, coagulation of higher concentrations of pharmaceutical wastewater can
be studied. High Performance Liquid Chromatography (HPLC) can be used to detect the
pharmaceuticals still present in the wastewater after coagulation and its corresponding
concentration.
Acknowledgements
I would like to extend my utmost gratitude towards my supervisor, Ms. Nurhazwani Binti Ismail, for
her guidance throughout this project and for her words of encouragement. I would also like to thank
the laboratory technicians for providing training for the different apparatus required and for assisting
us when having difficulty with any equipment.
I would also like to thank my friends for supporting me, for providing their help whenever
needed. My special thanks to Rikesh Ramsurn for always encouraging me in the tough times.
Last but not least, my sincere gratitude to my parents and family for the words of
encouragement and for their guidance.

References
[1]

“Pharmaceuticals in Drinking-water Public Health and Environment Water,
Sanitation, Hygiene and Health,” Switzerland, 2011.

[2]

A. Shraim, A. Diab, A. Alsuhaimi, E. Niazy, M. Metwally, M. Amad, S. Sioud, and
A. Dawoud, “Analysis of some pharmaceuticals in municipal wastewater of
Almadinah Almunawarah,” Arab. J. Chem., vol. 10, pp. S719–S729, (2012).

[3]

N. Deziel, “Pharmaceuticals in Wastewater Treatment Plant Effluent Waters,”
Univ. Minnesota, Morris, vol. 1, no. 2, pp. 1–20, (2014).

[4]

X. Li and G. Li, “A Review : Pharmaceutical Wastewater Treatment Technology
and Research in China,” Asia-Pacific Energy Equip. Eng. Res. Conf. (AP3ER
2015), pp. 345–348, 2015.

[5]

Hendrawati, I. R. Yuliastri, Nurhasni, E. Rohaeti, H. Effendi, and L. K. Darusman,
“The use of Moringa Oleifera Seed Powder as Coagulant to Improve the Quality of
Wastewater and Ground Water,” IOP Conf. Ser. Earth Environ. Sci., vol. 31, p. 11,
(2016).

[6]

N. Fathinatul and R. Nithyanandam, “Wastewater Treatment by using Natural
Coagulant,” (2014).

[7]

M. I. Ashraf, M. Ateeb, M. H. Khan, N. Ahmed, Q. Mahmood, and Zahidullah,

15

MATEC Web of Conferences 152, 01009 (2018)
Eureca 2017

https://doi.org/10.1051/matecconf/201815201009

“Integrated treatment of pharmaceutical effluents by chemical coagulation and
ozonation,” Sep. Purif. Technol., vol. 158, pp. 383–386, (2016).
[8]

G. Vijayaraghavan, T. Sivakumar, and a Vimal Kumar, “Application of plant
based coagulants for wastewater treatment.,” Int. J. Adv. Eng. Res. Stud., vol. 1, no.
1, pp. 88–92, (2011).

[9]

H. D. Beyene, T. D. Hailegebrial, and W. B. Dirersa, “Investigation of coagulation
activity of cactus powder in water treatment,” J. Appl. Chem., vol. 1, no. 5, p. 9, (
Nov. 2016).

[10]

M. Schiban, M. Antov, and M. Klasnja, “Extraction and Partial Purification of
Coagulation of Coagulation Active Components from Common Bean Seed,”
University of Novi Sad, (2006).

[11]

I. Da-Costa-Rocha, B. Bonnlaender, H. Sievers, I. Pischel, and M. Heinrich,
“Hibiscus sabdariffa L. - A phytochemical and pharmacological review,” Food
Chem., vol. 165, pp. 424–443, (2014).

[12]

J. M. Nzikou, L. Matos, F. Mbemba, C. B. Ndangui, N. P. G. Pambou-Tobi, A.
Kimbonguila, T. Silou, M. Linder, and S. Desobry, “Characteristics and
Composition of Jatropha curcas Oils, Variety Congo-Brazzaville,” Res. J. Appl. Sci.
Eng. Technol., vol. 1, no. 3, pp. 154–159, (2009).

[13]

Z. Z. Abidin, N. S. Mohd Shamsudin, N. Madehi, and S. Sobri, “Optimisation of a
method to extract the active coagulant agent from Jatropha curcas seeds for use in
turbidity removal,” Ind. Crops Prod., vol. 41, no. 1, pp. 319–323, (2013).

[14]

K. Openshaw, “A review of Jatropha curcas: An oil plant of unfulfilled promise,”
Biomass and Bioenergy, vol. 19, no. 1, pp. 1–15, (2000).

[15]

S. Kumar Gupta, Y.-T. Hung, and S. Kumar Gupta, Treatment of Pharmaceutical
Wastes, (October 2005).

[16]

Hlthman, “Waste water treatment 2 2.1,” Waste Water, vol. 20, no. 30, pp. 1–18,
(2002).

[17]

K. I. E. Hainida, I. Amin, H. Normah, and N. Mohd.-Esa, “Nutritional and amino
acid contents of differently treated Roselle (Hibiscus sabdariffa L.) seeds,” Food
Chem., vol. 111, no. 4, pp. 906–911, (2008).

[18]

Z. Ma, J.-J. Qin, C.-X. Liou, L. Zhang, and S. Valiyaveettil, “Effects of
Coagulation, pH and Mixing Conditions on Characteristics of Flocs in Surface
Water Treatment,” National University of Singapore, (2012).

[19]

H. Patel and R. T. Vashi, “Removal of Congo Red dye from its aqueous solution

16

MATEC Web of Conferences 152, 01009 (2018)
Eureca 2017

https://doi.org/10.1051/matecconf/201815201009

using natural coagulants,” J. Saudi Chem. Soc., vol. 16, no. 2, pp. 131–136, (2012).
[20]

M. Y. Yong and N. Ismail, “Optimisation of hibiscus sabdariffa as a natural
coagulant to treat Congo red in wastewater,” J. Eng. Sci. Technol., vol. 11, no.
Special Issue onthefourtheureca2015, pp. 153–165, (2016).

[21]

J. Xiao and H. Zhang, “Comparative evaluation of Jatropha curcas L. seed meals
obtained by different methods of defatting on toxic, antinutritional and nutritive
factors,” J. Food Sci. Technol., vol. 51, no. 6, pp. 1126–1132, (2014).

[22]

A. E. Ugbogu, E. I. Akubugwo, F. O. Uhegbu, C. G. Chinyere, O. C. Ugbogu, and
K. A. Oduse, “Quality assessment profile of Jatropha curcas (L) seed oil from
Nigeria,” Int. Food Res. J., vol. 21, no. 2, pp. 735–741, (2014).

[23]

Z. Z. Abidin, N. Ismail, R. Yunus, I. S. Ahamad, and A. Idris, “A preliminary study
on Jatropha curcas as coagulant in wastewater treatment,” Environ. Technol., vol.
32, no. 9, pp. 971–977, (Jul. 2011).

17

