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ABSTRACT 
 

This research study is aimed to explore the potential of using probiotic, active 
microorganisms for both sewage and palm oil mill effluent (POME) treatment. Probiotic 
strain contains 10 types of Bacillus strains including Bacillus catenulatus, Bacillus careus, 
Bacillus drentensis, Bacillus firmus, Bacillus flexus, Bacillus megaterium, Bacillus niaci, 
Bacillus subtilis, Bacillus teguilensis, and Bacillus thuringiensis was used in this study. 
Bench-scale batch system was used to study the performance of probiotic for the treatment 
of sewage and aerobic digested POME. The treatment process was conducted for 10 days 
where the water sample was collected every consecutive 2 days for the analysis on total 
suspended solids (TSS), chemical oxygen demand (COD), phosphorus, biological oxygen 
demand (BOD), ammonia, and nitrate. The results depicted that probiotic was able to 
break down concentrated organic matters into simple amino acid, thereby reduces the 
sludge, COD, BOD, and odour. 300 mL probiotic presented the greatest performance in 
which the percentage of COD, BOD, TSS, phosphorus, NO3-N, and NH3-N removal was 
recorded as 100.00%, 100.00%, 0.00%, 64.66%, 0.00%, and 97.36%; and 75.44%, 100.00%, 
17.24%, 69.77%, 0.00%, and 81.45% for sewage treatment and aerobic digested POME 
treatment, respectively after 10 days of retention time. 

 
Keywords: Palm Oil Mill Effluent, Probiotics, Sewage, Sustainability, Wastewater 
Treatment. 
 
  

1.  INTRODUCTION 
 
Malaysia is one of the largest palm oil producers after Indonesia. As reported by Malaysian Palm 
Oil Board, Malaysia had produced 19.52 million tonnes of crude palm oil in 2018 [1]. Along with 
the huge amount of palm oil production attributed by high market demand, large quantity of 
palm oil mill effluent (POME) had been generated and it required a proper treatment before 
discharge to the environment [1]. POME is a brownish colloidal suspension containing high 
concentration of organic matters, oil and grease, and total solids. Due to its large discharge 
volume, high biological oxygen demand (BOD) and chemical oxygen demand (COD) value, POME 
is considered as the major pollutant to aquatic environment as it will deplete the dissolved 
oxygen in water body, thereby affecting the survival of aquatic organisms [2]. Ponding system is 
the conventional POME treatment method which has been practice for many decades. It consists 
of aerobic pond and anaerobic pond to break down the organic substances contained in POME. 
However, conventional ponding system has several drawbacks including the releasing of 
greenhouse gases during the treatment process, it requires a large land area for operations, a 
long hydraulic retention time is needed, and it produces a bad odour. 
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On the other hand, Malaysia has generated 2.97 billion cm3 sewage per year [3]. Discharge of 
untreated sewage will cause dissemination of water borne disease due to microorganisms 
contained in sewage, depletion of dissolved oxygen in water body, and nauseating odour to the 
environment. Conventional sewage treatment processes involve physical treatment and 
chemical treatment are complicated, costly, and at the same time generates chemical treatment 
waste. 
 
Nowadays, the use of beneficial microorganisms to improve the water quality has become a 
trend [4]. Bacillus is a Gram-positive, rod shaped, spore forming, aerobic or facultative 
anaerobic bacterium. Attributed to its several advantages, such as  stability for long periods due 
to spore formation, has immune-modulatory ability, and able to react antagonist towards the 
pathogens, Bacillus has the potential to be applied as a probiotic strain for water remediation [5, 
6, 7, 8]. Hong et al.  [9] reported that Bacillus is an important candidate for developing 
commercial biological agents for nitrogen removal and water quality enhancement. Chen et al.  
[10], Lalloo et al.  [11], and Rui et al.  [12] also agreed that some Bacillus strains such as Bacillus 
subtilis, Bacillus lichenformis, and  Bacillus cereus are able to exhibit strong nitrite removal 
ability. Yusuf et al.  [13] found that the Bacillus subtilis was successful in removing 87.6 % and 
91.7% of COD and total suspended solids (TSS), respectively from tannery wastewater after 84 
hours of treatment process. 
 
The performance of probiotic is much dependent on the waste excretion property. Therefore, 
the combination of several Bacillus strains could be a great solution in achieving high efficiency 
degradation and removal of organic substances from wastewater. With the existence of sunlight 
as the energy source and carbon dioxide as the carbon source, these Bacillus strains could 
degrade the organic substances and convert it into simple organic substances, such as amino 
acids. This will eventually result in a reduction of several water quality parameters including 
COD, BOD, TSS, and nutrients. Up-to-date, there are limited studies on the potential application 
of probiotic for sewage and POME treatment. As such, this study intends to explore the potential 
of probiotic, a multi active microorganisms in treating both sewage and POME. 
 
 
2. MATERIAL AND METHODS  
 

2.1 Probiotic Strain 
 

Probiotic strain, BANIK 303 manufactured by Banik Yuli Sdn. Bhd. (Malaysia) was used in this 
study. BANIK 303 contains 10 types of Bacillus strains including Bacillus catenulatus, Bacillus 
careus, Bacillus drentensis, Bacillus firmus, Bacillus flexus, Bacillus megaterium, Bacillus niaci, 
Bacillus subtilis, Bacillus teguilensis, and Bacillus thuringiensis. It is formulated with nitrogen, 
phosphorus, potassium, magnesium, calcium, boron, silicon, sulphur, iron, zinc, copper, and 
manganese to promote the growth of Bacillus strains and to stimulate the food chain for in-situ 
treatment.  
 

2.2 Wastewater 
 

POME used in this study was collected from aerobic digester pond at Sime Darby East Mill 
located at Carey Island, Selangor, Malaysia. Meanwhile, sewage was collected from a primary 
treatment tank at Indah Water Konsortium (IWK) Unit Langat STP-A, Cyberjaya, Malaysia. Both 
aerobic digested POME and sewage were characterized immediately after sampling. Table 1 
summarizes the characteristics of both aerobic digested POME and sewage. 
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Table 1 Characteristics of aerobic digested POME and sewage 
 

Parameter Aerobic digested POME Sewage 
Temperature (°C) 21.30 28.20 

pH 6.66 8.25 
TSS (mg/L) 31.33 290.00 

NH₃-N (mg/L) 19.80 469.00 
NO₃-N (mg/L) 0.10 91.00 

Phosphorus (mg/L) 11.80 118.00 
COD (mg/L) 90.00 7900.00 
BOD (mg/L) 11.43 335.00 

 
2.3 Experiment Set-up 

 

Bench-scale batch system was used to study the performance of probiotic for the treatment of 
sewage and aerobic digested POME. 30 L of aerobic digested POME was filled into the 
cylindrical treatment tank. 150 mL, 300 mL, and 450 mL of probiotic were added into 3 
different cylindrical treatment tanks containing the aerobic digested POME. Air flow of 4 L/min 
was purged into the cylindrical treatment tank. The treatment process was conducted for 10 
days where the water sample was collected every consecutive 2 days for the analysis on total 
suspended solids (TSS), COD, phosphorus, BOD, ammonia, and nitrate. The experiment was 
repeated using sewage as the feed. Figure 1 presents the schematic diagram of bench-scale 
probiotic batch treatment system. Whereas, Table 2 summarizes the experiment set-up for 
bench-scale probiotic batch treatment system. 

 

System A           System B                 System C 

Figure 1. Schematic diagram of bench-scale probiotic batch treatment system. 
 

Table 2 Experiment set-up for bench-scale probiotic batch treatment system 
 

Feed 
Treatment 

system 
Volume of water sample  

(L) 

Volume of 
probiotic 

(L) 

Sewage 
A1 30 0.150 
B1 30 0.300 
C1 30 0.450 

Aerobic digested 
POME 

A2 30 0.150 
B2 30 0.300 
C2 30 0.450 

    

2.4 Water Sample Analysis 
 

The efficiency of probiotic for treating both sewage and aerobic digested POME was evaluated 
based on several water quality parameters, including TSS, ammonia-nitrogen (NH3-N), 
phosphorus, nitrate-nitrogen (NO₃-N), BOD, and COD followed the HACH standard method. The 
percentage of removal for each parameter was calculated using equation (1). 
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                                                                    (1) 

 

Ci and Cf denote the initial concentration of the water sample and the final concentration of the 
water sample, respectively. 
 
 
3. RESULTS AND DISCUSSION 
 

3.1 Sewage Treatment 
 
Figure 2 shows the performance of bench-scale probiotic batch treatment system for sewage 
treatment whereas Table 3 summarizes the percentage of removal of each water analysis 
parameter after 10 days of retention time. As presented in Figure 2, COD, BOD, phosphorus, and 
NO3-N decreases with the increase of retention time except for TSS and NO3-N. The existence of 
probiotic does not have any significant effect in removing TSS from sewage. Aerated bubbles 
created in bench-scale probiotic batch treatment system prohibits the suspended solids in 
sewage from settling down at the bottom of the treatment tank. Rapid circular motion therefore 
maintains the suspended solids concentration in sewage sample. Additionally, probiotic 
treatment is a biological treatment process, the Bacillus strains will not able to degrade or ingest 
the suspended solids in water sample. Attribute to this, the suspended solids content in sewage 
does not decrease. 
 

         
                                                        (a)                                                                                              (b) 
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                                                  (c)                                                                                                   (d) 

         
                                                  (e)                                                                                                   (f) 

 
Figure 2. Performance of bench-scale probiotic batch treatment system for sewage treatment (a) COD (b) 

BOD (c) TSS (d) phosphorus (e) NO3-N, and (f) NH3-N. 
 

Table 3 Percentage of removal after 10 days of retention time for each water analysis parameter in 
sewage treatment 

 

Parameter 
Percentage of removal (%) 
A1 B1 2 

COD 100.00 100.00 100.00 
BOD 100.00 100.00 100.00 
TSS 0.00 0.00 0.00 

Phosphorus 60.56 64.66 54.04 
NO₃-N 0.00 0.00 0.00 
NH₃-N 96.01 97.36 97.14 

 
However, probiotic had successfully reduced the COD, BOD, and NH3-N concentration in sewage 
to 96-100% after 10 days of retention time. COD is the measurement of the capacity of water to 
consume oxygen during the decomposition of organic substances and the oxidation of inorganic 
chemicals. On the other hand, BOD is the oxygen uptake for the decomposition of biodegradable 
organic carbon [14]. Along with the probiotic treatment process, Bacillus strains from probiotic 
ingests the high molecular weight of organic and inorganic substances in sewage due to the 
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presence of oxygen provided by aeration system and breaks it down into simpler substances. 
Therefore, it is not surprising that the COD and BOD concentration in sewage decreased with 
the increase in retention time. NH3-N on the other hand is a nutrient for the growth of probiotic 
[15]. By prolonging the retention time, probiotic gradually grows increasing its population. 
Therefore, NH3-N is being consumed. On top of that, there is also a reduction of in phosphorus 
content in the sewage with the probiotic treatment process. The NH3-N, phosphorus was also 
consumed by the probiotic as a source of nutrient for continuous growth of the population. 
 
On the other hand, the performance of a bench-scale probiotic batch treatment system on NO3-N 
removal has shown an opposite trend compared to the other water analysis parameter in which 
the concentration of NO3-N increased with the retention time. It is presumed that other than the 
consumption of NH3-N by probiotic, probiotic is also involved in the nitrification process. A 
study conducted by Koops and Moller [16] states that Bacillus strains, especially  Bacillus subtilis 
contribute to nitrification in aquatic systems by utilizing ammonium ions as the nitrogen source 
for its growth under aerobic condition. During the nitrification process, NH3-N is converted into 
nitrate. Eq. (2) and Eq. (3) are used to explain the nitrification process [17]. As a result, the 
concentration of NH3-N decreases while the concentration of NO3-N increases with the 
increasing retention time. 
 

           (2) 

            (3) 

 
By comparing the percentage of removal for each water analysis parameter after 10 days of 
retention time in sewage treatment, it shows that the addition of 300 mL of probiotic into the 
treatment system has a better performance in reducing most of the water analysis parameter. 
The percentage of removal for COD, BOD, TSS, phosphorus, NO3-N, and NH3-N are 100.00%, 
100.00%, 0.00%, 64.66%, 0.00%, and 97.36%, respectively. 
 
3.2 POME Treatment 
 
Figure 3 shows the performance of a bench-scale probiotic batch treatment system for aerobic 
digested POME treatment whereas Table 4 summarizes the percentage removal of each water 
analysis parameter after 10 days of retention time. Basically, the bench-scale probiotic batch 
treatment system shows a similar performance as both sewage and aerobic digested POME. 
However, due to the high TSS content in aerobic digested POME, the circulation motion in the 
treatment tank causes a great fluctuation on the TSS concentration. Meanwhile, bacterial 
biomass was also largely created by the microorganisms in the aerobic digested POME along 
with the treatment process. 
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                                                    (a)                                                                                                  (b) 

         
                                                    (c)                                                                                                (d) 

         
                                                   (e)                                                                                                (f) 

 
Figure 3. Performance of bench-scale probiotic batch treatment system for aerobic digested POME 

treatment (a) COD (b) BOD (c) TSS (d) phosphorus (e) NO3-N, and (f) NH3-N. 
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Table 4 Percentage of removal after 10 days of retention time for each water analysis parameter in 
aerobic digested POME treatment 

 

Parameter 
Percentage of removal (%) 
A2 B2 C2 

COD 75.44 75.44 75.19 
BOD 94.93 100.00 95.97 
TSS 0.00 17.24 0.00 

Phosphorus 68.36 69.77 73.73 
NO₃-N 0.00 0.00 0.00 
NH₃-N 77.26 81.45 83.58 

 
Analogous to probiotic treatment on sewage, by comparing the percentage removal of each 
water analysis parameter after 10 days of retention time in aerobic digested POME treatment, it 
shows that the addition of 300 mL of probiotic into the treatment system has a better 
performance in reducing most of the water analysis parameter. The percentage of removal for 
COD, BOD, TSS, phosphorus, NO3-N, and NH3-N are 75.44%, 100.00%, 17.24%, 69.77%, 0.00%, 
and 81.45%, respectively. 
 
 
4. CONCLUSION 
 

The potential of probiotic, a multi active microorganism in treating both sewage and aerobic 
digested POME has been explored in this study. A bench-scale probiotic batch treatment system 
equipped with aeration system has received partial success in treating both sewage and aerobic 
digested POME and has improved its water quality. The results show that the addition of 300 m 
of probiotic into the treatment system has presented the most significant effect in the treatment 
process in which COD, BOD, TSS, phosphorus, NO3-N, and NH3-N were reduced to 100.00%, 
100.00%, 0.00%, 64.66%, 0.00%, and 97.36%; and 75.44%, 100.00%, 17.24%, 69.77%, 0.00%, 
and 81.45%, for sewage treatment and aerobic digested POME treatment, respectively after 10 
days of retention time. This great achievement by a bench-scale probiotic batch treatment 
system, confirms the potential application of probiotic as an eco-friendly tool for both sewage 
and POME treatment. 
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