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ABSTRACT 

THE POTENTIAL OF FRUIT SEED AS NATURAL COAGULANT IN 

TURBIDITY REMOVAL OF WATER. 

MUHAMMAD IMRAN BIN SHAMSUDIN 

Introduction: Clean water is very essential to human to live but to obtained clean 
safe water must undergo treatment or purification before consumption. Therefore, the 
widely use of alum as chemical coagulant has been the most popular for treatment of 
water in treatment plants but it can cause problem health, environmental problem and 
costly. Therefore, the alternative use by using fruits seed as natural coagulant in the 
reduction of turbidity of water been used as it is safe for human health, easy to obtain 
and cheap. Objective: To determine the effectiveness of fruit seed as natural 
coagulant in turbidity removal and the best fruit seeds with the optimum 
concentration dosage in turbidity removal using turbid water and time needed to 
remove turbidity using field sample. Methodology: This experimental study was 
conducted by using 5 fruits which are (Durian, Tarap, Cat's eye, Date and Jackfruit) 
seed extracts and artificial coagulant (alum) by using artificial kaolin water. Stock 
solutions of these coagulants were prepared, and jar test of their varying mixing 
ratios used to obtain optimum mass by using range from 1 g ,2g and 3g and optimum 
dosages of 50, l 00, 150 and 200 mg/I for fruit extract and alum respectively. The 
effects of these optimum dosages were tested against turbidity, pH, and temperature. 
Result: The use of date seed extract of 3g at 200 mg/I dosages showed the overall 
best result among other fruits extract with the resultant water fit with the WHO 
standard for drinking water ( <5 NTU) by let it sediment for 24 hours by using kaolin 
water initial at 120 NTU but took longer more than 94-hour to reduce turbidity using 
field sample. Therefore, the exploitation of naturally available resources into water 
treatment in this research had shed some lights in the discovery of efficient, 
biodegradable and green flocculants as potential replacement to conventional 
synthetic chemical coagulants in reducing water turbidity. 

Keywords: Fruit Seed, Natural Coagulants, Alum, Turbidity Removal, WHO 
Standard for Drinking Water 
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J 

Banana pith 4 0.1 kg/m3 80 % turbidity removal, Yang et al., 

sulphates, nitrates lead, (2014) 

zinc , iron, copper and 

chromium removal 

Orange peel 7.5 0.2 glL 97% turbidity removal Anju (2016) 

from dairy wastewater 

Legumes Phaseolus 7 lmg!L 80% turbidity removal Muthuraman & 

vulgaris from kaolin water by Sasikala (2014) 

(common bean) using extraction NaCl. 

Arachis - 20 mglL 93.2% turbidity Birima et al., 

hypogea removal from kaolin (2013) 

(Peanut seed) water by usmg 

extraction of NaCl. 
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Table 3.1: Seed of local fruit chosen in this tudy. 

Fruit 

Tarap 

(Arto arpu 

odorati imu ) 

Durian 

(Durio zib thinu ) 

Cats E e 

(Euphoria malai n V 
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Date 

(Pho nix da tylifi ra) 

Jackfruit 

(Arto a,pu h t roph llu ) 

3.2 Steps Involved for Turbidity Removal 

To ensure the data collection was reliable, the steps were taken as followed: 

3.2.1 Preparation of Fruit Seed Powder. 

The seeds were removed and kept for sun to dry before the seeds were ground to fine 

powder using Waring® Two-Speed Laboratory Blender. The ground powder had the 

oil extracted using methanol before chy it using oven at 90°C for 4 hours 

(Asrafuzzaman et al., 2011 ). Then, the powder was homogenized by using pastel and 

mortar before proceed to seed extraction for stock solution. These are the picture of 

fruit seed powder after homogenized shown in Table 3.2. 
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3.2.2 Preparation of Fruit Seed Extract Using NaCl. 

The prepared powder from the fiuit seed was weighed IO g and was added to the 

appropriate volume needed by using NaCl. A mass of I, 2 and 3% were used out for 

in this study by adding the amount of 1 g, 2 g, and 3 g of each fruit seed powder in 

100 mL of NaCl. Then, the solutions were stirred using magnetic stirrer for 20 

minutes, then the solution be filtered through a rugged filter paper (Whatmann No 42, 

125mm) and obtained filtrates represented seed extracts of ooagulation active 

components for stock solution as shown in Figure 2 (Ndabigengesere & Narasiah, 

1998). 

Concentration of each 
seed powder divide into 
3 category: 

•1 g
•2g
•3g

\I 

Filtered using filter 
paper 

Each of concentration 
--)•• will diluted with 100 ml 

NaCl 

Mix using magnetic 
stirrer 

• 150 rpm for 20 minutes

Stock solution will be diluted with 
distilled water to form desired dosage 
for each category into: 

t------� • 50 mg/L 
• 100 mg/L

• 150mg/L

• 200mg/L

Figure 2: Extraction of fruit seed using NaCl solution 
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3.2.3 Preparation of Alum as Chemical Coagulant 

Along with the preparation of fruit seed extract, aluminum sulphate 

[Al2(SO4)3.18H2O] was also prepared and used in the present study. The alum was 

prepared 1 % solution of alum in tap water (1 g of alum in 1000 ml). The alum 

powder was totally soluble in the water. A fresh solution was prepared before 

conducting jar test experiment (Ndabigengesere & Narasiah, 1998). 

3.2.4 Preparation of Synthetic Turbid Water 

According to Asrafuzzaman et al., (2011) synthetic turbid water for coagulation tests 

was prepared by adding 30 g kaolin powder to 1000 ml of distilled water. Then, 

stirred the suspension for I-hour to achieve uniform dispersion of kaolin particles, 

and then it was allowed to stand for 24-hour for completing hydration of the 

particles. This suspension was used as the stock suspension The supernatant 

suspension of synthetic turbid water was added to the sample water to achieve the 

desired turbidity just before coagulation. The preparation of turbid water having for 

this experiment was 120 nephelometric turbidity units (NTU) and then was prepared 

by diluting of stock suspension to 200 ml distilled water. 

28 

© C
OPYRIG

HT U
PM

 
UPM 



. 

. , 

3.2.5 Jar Test Operations 

Lastly, conventional jar test apparatus was used in the experiments to coagulate 

sample of synthetic turbid water using some coagulants and this experiment was 

conducted at Faculty of Engineering, UPM. By using 200 ml of the synthetic turbid 

water samples was added into each of the 6 beakers and physicochemical (pH, 

turbidity, temperature) parameters were measured at 30, 60 and 90 minutes. 

Coagulants of varying mass were added in the beakers by using different doses ( 1 g, 

2g and 3g) of each fruit seeds powder were added to each of the 6 beakers 

simultaneously. The beakers were agitated in different rotating speeds, which consist 

of rapid mixing (250 rpm) for 1 minutes and slow mixing (35 rpm) for 90 minutes. 

Then, the suspensions were left to allow sedimentation for 60 minutes. After settling, 

10 ml of the sample was taken from each beaker for turbidity, pH, and temperature 

measurement of supernatant. All tests were performed at an ambient temperature in 

the range of 26-32°C and for turbid ranges 120 NTU. 

Finally, turbidity removal percentage was calculated using the following equation 

(I): 

Turbidity removal= 
TB-Ts 

Xl00% 
TB 

Equation (I) 

, where TB represent the initial turbidity (NTU) value and TS represent final 

turbidity (NTU) value of water. Figure 3 below illustrates the turbidity removal 

process in this study. 
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Natural 
coagulant 

L __ _ 

1g 

Turbidity removal 

Concentration 

2g 

Dosag e 

50 mg/L 100 mg/L 150 mg/L 

Rapid mixing 

Turbidity 

Slow mixing 

r Physicochemic
aj 

�arameters

pH 

Sedimentation 

Temperature 

Figure 3: Illu trat the turbidity r mo al proce 

30 

Chemical 
coagulant 

© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



from:https://economictimes.indiatimes.com/news/economy/agriculture/india­

wastes-fruits-and-vegetables-worth-rs-13300-crore-every-year-emerson­

study/articleshow /26523928 .ems 

19. Jodi, M. L., Bimin-Yauri, U. A, Yahaya, Y., & Sokoto, M.A. (2012). The use of

some plants in water purification. Global Advanced Research Journal of

Chemistry and Material Science, 1(4), 071-075

20. Kawamura, S. (1991 ). "Effectiveness of natural polyelectrolytes in water

treatment,". Journal of the American Water Works Association, 83, 88-91.

21. Kuppusamy S, Thavamani P, Megharaj M, Naidu R. (2015). Bioremediation

potential ofnaturalpolyphenolrich green wastes: a review of current research and

recommendations for future directions. Environmental Technology & Innovation.

4:17-2

22. Kwaambwa, H. M., & Maikoker, R. (2007). A fluorescence spectroscopic study

of a coagulating protein extracted from Moringa O leifera seeds. Colloids

and surfaces B: Biointerfaces, pp. l-8

23. Lenntech. (2015). Aluminium - (Al) - Chemical properties, Health and

Environmental effects. Retrieved from:

http://www.lenntech.com/periodic/elements/al. htm

24. Libanius, M. (2008). Fundamentals of quality and water treatment. 2nd ed.

Campinas, Atom Ed, p 444.

25. Maisuthisakul, P ., & Gordon, M. H. (2009). Antioxidant and tyrosinase

inhibitory activity of mango seed kernel by product. Food chemistry, 117(2),

332-341.

51 

© C
OPYRIG

HT U
PM

 
UPM 



26. Mcintosh, J. (2016). Why Is Drinking Water Important? Retrieved from

https:/ /www .medicalnewstoday.com/articles/290814. php

27. Miller, Sm; Fugate, Ej; Craver, Vo; Smith, Ja; Zimmerman, Jb. (2008). Toward

understanding the efficacy and mechanism of Opuntia spp. as a natural coagulant

for potential application in water treatment. Environmental Science Technology,

vol. 42, p. 4274-4279.

28. Muhammad, I. M., Abdulsalam, S., Abdulkarim, A., and Bello, A. A (2015).

Water melon seed as a Potential coagulant for water treatment. Global Journal of

researches in Engineering - Chemical engineering. 15(1).

29. Muthuraman, G., & Sasikala, S. (2014). Removal of turbidity from drinking

water using natural coagulants. Journal of Industrial and Engineering Chemistry,

20(4), 1727-1731.

30. Muyibi, S. A. and Evison L.M (1995). "Optimizing Physical Parameters

affecting coagulation of turbid water with Moringa oleifera seeds". Wat. Res.

Vol. 29, No. 12, pp. 2689-2695.

31. Muyibi, S., Megat, M., and Loon, L. (2002): Effects of Oil Extraction from

Moring Oleifera seeds on coagulation of turbid water. Journal of Environ.

Studies, 59 (2): pp.243-254.

32. Muyibi, S. A (2005). Quenching the thirst of millions in the world-application of

processed Moringa seeds in drinking water treatment. Water Res. 32(2): 771-781.

33. Ndabigengesere A., Narasiah K.S. and Talbot B.G. (1995). Active agents and

mechanism of coagulation of turbid waters using Moringa oleifera. Wat. Res. 29,

703-710

52 

© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



41. Renault, Francois, B., Sancey, P .M., Badot, G .C (2009). Chitosan for coagulation

/flocculation processes-an eco-friendly approach. European Polymer J., 45(5),

1337- 1348.

42. Sathish, S., Vikram, S., & Suraj, R. (2018). Effectiveness of Turbidity Removal

from Synthetic and Tannery Wastewater by Using Seeds of a Natural Coagulant

Citrullus lanatus. Nature Environment and Pollution Technology, 17(2), 551-553.

43. Sciban, M., Klasnja, M., Antov, M., Skrbic, B. (2009). Removal of water

turbidity by natural coagulants obtained from chestnut and acom Bioresour.

Technoly, 100, 6639-6643.

44. Scott, P. (2017). The Art of Drinking Water. Retrieved on from

http://www.foodmatters.com/article/art-of-drinking-water

45. Star Online. (2018). Malaysians throwing away food at alarming rate. Star

Online. Retrieved from

https://www.thestar.com my/news/nation/2018/10/ l 5/malaysians-throwing-away­

food-at-alarming-rate/

46. Victoria, B. (2010). Coagulation and flocculation in water and waste water

treatment. Retrieved from www. iwawaterwiki.org

47. World Health Organization (WHO). (2017). Guidelines for drinking water

quality: Fourth edition incorporating the first addendum, p.631. Retrieved from

https://apps. who.int/iris/bitstream/10665/25463 7 /1 /9789241549950-

eng. pdf?ua= 1.

48. Yang, C., Yeong, T., & Ching, J. (2014). Potential use of rice starch in

coagulation - flocculation process of agro-industrial wastewater: Treatment

performance and floes characterization. Ecological Engineering, 71, 509-519.

54 

© C
OPYRIG

HT U
PM

 
UPM 



APPENDIX 

, •  

ss 

© C
OPYRIG

HT U
PM

 
UPM 



Table 4.1: Reduction of turbidity using various concentration and dosage of fruit seed coagulant. 

Co nee ntratio n 
(g) 
1 

2 

3 

Dosage 
(mg/L) 

25 

so 

75 

100 

so 

100 

150 

200 

100 

150 

200 

Time 
(minutes) 

30 
60 
90 
30 
60 
90 
30 
60 

90 

30 
60 
90 
30 
60 
90 
30 
60 
90 
30 
60 

90 

30 
60 
90 
30 
60 

90 

30 
60 
90 
30 
60 
90 

Initial 
turbidity 

Final Turbidity (NTU) 

(NTU) Jackfruit Durian Date 
Cat's 
eye 

120 82.8 58 66.4 64.3 
120 77.8 53.3 54.4 51.9 
120 71.6 44.4 46.2 58.7 
120 73.6 62.4 68.4 65.6 
120 70.8 54.1 56 57.1 
120 68 43 34.8 45 
120 52.2 50.1 48.7 54.2 
120 44 39.1 38.5 47.1 
120 38.2 28.7 35.2 41.3 
120 67.1 61.2 62.4 59.7 
120 54.4 51.3 50.5 52.3 
120 46.6 36.7 38.5 43.9 
120 73.8 67.7 67.4 69.1 
120 67.4 55.2 56.2 63.9 
120 64.8 48.6 48.7 53.7 
120 72.7 73.5 75.6 72.6 
120 66.9 57.9 59.2 57.7 
120 59.4 46.9 46.7 50.3 
120 71.1 70.9 72.1 69.9 
120 65 59.8 59.1 58.2 
120 50.7 43.4 45.1 50.4 
120 67.6 66.9 65.9 69.4 
120 61.2 59 58.8 59.5 
120 47.2 41 43.9 50.1 
120 78.2 71.9 80.8 77.6 
120 71.2 59.5 68.1 67.9 
120 68.9 46.1 49.5 50.1 
120 76.7 83.4 79.8 82.1 
120 71.4 50.1 55.1 58.1 
120 61.7 37.9 39.1 51.2 
120 78.1 71.3 72.9 72.3 
120 66.4 55.9 57 60 
120 51.6 34.4 33.6 50.3 

S6 

Tarap alum 
64.7 63.8 
55.7 61.5 
49.1 45.1 
78 56.9 

54.2 51.4 
34.3 42 
38.9 54 
29.8 50.4 
20.6 38.4 
45 51.2 

23.2 50.1 
15.2 38.2 
64 56.9 

52.2 51.4 
41.1 42 
62.1 51.2 
43.2 50.1 
34.8 38.2 
61.9 43.5 
57.8 24.2 
33.9 11.1 
61 34 

53.9 21.7 
28.9 8.8 
67.2 51.2 
57 50.1 

37.5 38.2 
79 43.5 

51.2 24.2 
28.8 11.1 
61.6 34 
38.9 21.7 
25.2 8.8 
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Table 4.2: Reduction of pH using various concentration and dosage of fruit seed coagulant. 

Concentration Dosage Time 
(g) (mg/L) (minutes)
1 30 

25 60 
90 
30 

so 60 
90 
30 

75 60 
90 
30 

100 60 
90 

2 30 
so 60 

90 
30 

100 60 
90 
30 

150 60 
90 
30 

200 60 
90 

3 30 
100 60 

90 
30 

150 60 
90 
30 

200 60 
90 

Initial 
pH 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

Jack 
fruit 
7.68 
7.68 
7.67 
7.59 
7.58 
7.58 
7.79 
7.73 
7.62 
7.64 
7.59 
7.59 
7.7 
7.7 
7.67 
7.71 
7.7 

7.68 
7.61 
7.6 
7.42 
7.51 
7.49 
7.46 
7.81 
7.11 
7.8 
7.98 
7.97 
7.91 
8.07 
8.02 
7.95 

57 

Final pH 

Durian Date Cat's eye Tarap alum 
7.62 7.68 7.7 7.69 4.64 
7.62 7.67 7.63 7.67 4.61 
7.6 7.6 7.61 7.63 4.57 
7.53 7.55 7.66 7.62 4.47 
7.53 7.54 7.65 7.6 4.44 

7.51 7.54 7.62 7.59 4.4 
7.81 7.85 7.86 7.89 4.43 
7.73 7.83 7.82 7.85 4.39 
7.69 7.75 7.79 7.8 4.37 
7.61 7.55 7.78 7.69 4.43 
7.59 7.55 7.66 7.61 4.31 
7.58 7.5 7.63 7.53 4.29 
7.62 7.63 7.7 7.72 4.47 
7.6 7.6 7.63 7.7 4.44 

7.6 7.58 7.61 7.63 4.4 

7.67 7.67 7.65 7.7 4.43 
7.67 7.67 7.64 7.7 4.31 
7.63 7.66 7.65 7.68 4.29 
7.52 7.63 7.6 7.59 4.24 
7.48 7.58 7.58 7.57 4.22 
7.48 7.52 7.57 7.55 4.16 
7.49 7.54 7.55 7.52 4.18 
7.46 7.53 7.51 7.52 4.14 
7.45 7.51 7.51 7.5 4.13 
7.84 7.85 7.61 7.75 4.43 
7.81 7.81 7.81 7.74 4.31 
7.79 7.8 7.79 7.74 4.29 
7.97 8.01 8.01 7.99 4.24 
7.97 7.99 7.97 7.91 4.22 
7.92 7.96 7.95 7.94 4.16 
8.03 8.01 7.99 8.09 4.18 
7.97 7.96 7.94 8.01 4.14 
7.94 7.95 7.93 7.94 4.13 
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Table 4.3: Reduction of temperature using various concentration and dosage of fruit seed
coagulant. 

Final temperature re) 

Co nee ntratio n 
(g) 

Dosage 
(mg/L) 

Time 
(minutes) 

Initial 
temperature 

re) 
Jack 
fruit Durian Date 

Cat's 
eye Tarap alum 

1 30 28 27 27.3 27 27.1 27.1 28.1 
25 60 28 26.9 27.1 26.8 27 26.9 27.9 

90 28 26.9 27 26.7 27 26.9 27.7 
30 28 28.2 28.3 28.2 28.3 28 28.3 

so 60 28 28.1 28.3 28.2 28.1 28 28 
90 28 28 28.2 28 28.1 27.9 27.9 
30 28 27.9 28.1 28.3 27 27.5 28.5 

75 60 28 27.7 27.9 28.1 26.9 27.5 28.4 
90 28 27.7 27.8 27.5 26.8 27.3 28.1 
30 28 28.1 28 27.8 27.8 27.3 28.5 

100 60 28 28 27.9 27.1 27.5 27.1 28.5 
90 28 27.6 27.7 27 27.5 27 28.3 

2 30 28 27 27.3 27 27.1 27.1 28.3 
so 60 28 26.9 27.1 26.8 27 26.9 28 

90 28 26.9 27 26.7 27 26.9 27.9 
30 28 27.1 27.2 27 27.1 27 28.5 

100 60 28 27.1 27.1 26.8 26.9 27 28.5 
90 28 27.1 26.9 26.8 26.7 26.9 28.3 
30 28 26.9 27.3 27.3 27.7 27.8 28.6 

150 60 28 26.9 27.1 27.3 27.7 27.2 28.4 
90 28 26.7 26.9 26.9 26.7 26.8 28.3 
30 28 27.1 27.1 27.3 27.5 27.4 29.8 

200 60 28 27 27.1 27.1 27.1 27.3 29.5 
90 28 26.9 27 27 27.1 27 29 

3 30 28 27.3 27.4 27.5 27.4 27.5 28.5 
100 60 28 27.3 27.3 27.5 27.4 27.4 28.5 

90 28 27.3 27.3 27.3 27.2 27.4 28.3 
30 28 27.2 27.3 27.3 27.4 27.3 28.6 

150 60 28 27.2 27.2 27.3 27.1 27 28.4 
90 28 26.9 27 27.3 27.1 27 28.3 
30 28 27.3 27.3 27.2 27.3 27.4 29.8 

200 60 28 27.3 27.2 27.1 27.2 27.3 29.5 
90 28 27 27.1 27.1 27.2 27.3 29 
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