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Abstract— Most of the conventional wastewater treatment methods have proved to be inefficient in treating water 

contaminated with lipids. The possibility of using microorganisms for this purpose has been investigated in number of 

previous studies, where their ability to successfully degrade lipids containing in effluents has been verified. This study, 

focusing on Sri Lankan context, intends to identify suitable microbial strains to be incorporated in wastewater treatment 

systems to enhance the lipid removal efficiency. A total of 56 bacterial strains, isolated from different local environmental 

sources, were screened for their lipolytic activity. Several strains were observed to have the potential to degrade lipids at a 

sufficient rate, where the strain with the highest rate was identified as Pseudomonas aeruginosa. The maximum lipid degradation 

rate (for synthetic wastewater containing 1% palmitic acid) obtained was 2.46±0.01 free fatty acid percentage (FFA %) at 

30ºC during 48 h of cultivation. 
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I. INTRODUCTION 
 

An overwhelming amount of fat/oil containing wastewater is generated in food processing industries (including dairy, 

slaughterhouse, and meat packaging), mega kitchens and restaurants [1]. It was estimated that dairy industry alone is 

responsible for generation of 3.739 to 11.217 million cubic meters of lipid-containing effluent water annually [2]. It is 

essential to employ much efficient treatment techniques when handling waste in such large quantities. 

 

Lipids are made up of long chain fatty acids and known as hydrophobic compounds, which form droplets and films on 

the surface of aqueous systems, resulting a buildup of a barrier, which is impermeable to oxygen to diffuse from air to water. 

When they are released to the environment, lipids tend to clump together on water surface forming a film, thus causing 

number of problems such as decreasing the oxygen transfer rate, destruction of aquatic flora and fauna, and eutrophication 

[3].  

 

Clogging of drainpipes, appearance of unpleasant odor, and corrosion of sewer pipes may also be caused due to 

accumulation of fats, oils and greases (FOGs) in wastewater collection and handling systems [4]. Problems arisen due to 

lipid accumulation can be eliminated or controlled by carefully selecting an appropriate physical, chemical, or biological 

approach (or a combination). A schematic diagram of a typical wastewater treatment process is illustrated in Fig. 1. 

 

Floatation is the most commonly employed physical approach, where the floated lipid is collected and disposed as 

landfilling or incinerated. Nevertheless, such approach continues to pollute land and air, causing number of environmental 

issues. Landfilling can cause adverse changes to soil structure, contamination of water streams and groundwater, and 

depressed plant growth [4]. Sedimentation, filtration, degasification, screening, aeration, ozonation, coagulation, 

neutralization, chlorination, ion exchange and sorption are the frequently used physicochemical treatment methods and are 

illustrated in Fig. 2 [5]. Nonetheless, certain boundaries such as high cost, partial separation, occurrence of secondary 

pollutants and solid particles, and the necessity to use chemicals in large quantities limit the applicability of physicochemical 

strategies, and deviate the treatment approaches towards biological methods [6].  
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Lipid degradation via microbial metabolism includes emulsification followed by degradation of fats into fatty acid(s) and 

glycerol. The derived fatty acids are converted into acetyl Co-A by beta-oxidation mechanism and stepped to tricarboxylic 

acid (TCA) cycle. TCA is a series of enzyme-catalyzed chemical reactions. Due to high surface to volume ratio, 

microorganisms are able to efficiently degrade the lipid-containing effluent.  

 

Thus, investigations on discovering applicable microbial isolates to treat lipid-containing wastewater seems a worth effort. 

Possible bacterial genera that are known as lipid degrading microbes are Pseudomonas, Acinetobacter, Burkholderia and fungi 

(Rhodotorula, Candida, Yarrowia) [7]. In order to address the issues encountered due to lipid containing wastewater in Sri Lanka, 

the present study aimed to identify indigenous bacterial strains capable of degrading lipids effectively under optimum growth 

conditions. 

II. MATERIALS AND METHODS 
 

A. Bacterial Strains and Media 

 
Fig. 1: Process flow diagram for treatment of dairy wastewater 

 

A synthetic wastewater (SWW) medium composing of 2 g of vegetable oil (supplemented with palmitic acid), 0.1 g of 

(NH4)2SO4, 0.2 g of KH2PO4, and 1 g of MgSO4.7H2O per liter was prepared for initial screening. Luria Bertani (LB) medium, 

which consisted of 10 g of peptone, 5 g of yeast extract, and 5 g of NaCl and 20 g of agar powder (pH 7.00) per liter was 

utilized for the isolation of screened strains. For the determination of lipolytic activity of screened strains, a Tween 20 (Tw20)  

 
 

Fig. 2: Treatment methods for the removal of lipids from wastewater effluent  agar medium was prepared using 2 g of 

peptone, 1 g of NaCl, 0.02 g of CaCl2.2H2O, 4 g of agar powder and 1% Tw20 per liter  [8]. 
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B. Isolation of Lipid-Degrading Strains 
Suspensions of 1% (v/v) soil, spoiled milk, and dairy industrial sludge were incubated with SWW for 48 hours at 30 ºC 

and 180 rpm in order to separate bacterial strains that could survive in lipid rich environment. Cell growth rate was measured 

as the optical density at 600 nm (OD600) wavelength, using a UV-visible spectrophotometer. The experiments were continued 

with the strains that showed a cell growth rate above OD600 = 1. Screened suspensions were serially diluted before they were 

inoculated onto LB medium for single colony isolation using streak-plate method  [8]. 

 

C. Indication of Lipolytic Activity 
The isolated colonies were inoculated into Tw20 medium and incubated at 35 ºC for 72 hours to analyze the lipolytic 

activity. The stains that showed an opaque halo (light zones which appear as the fatty acids produced due to lipid degradation 

react with CaCl2 in the medium, forming a precipitate) around their colonies were identified as bacterial strains capable of 

lipid degradation (lipolytic activity positive)  [8]. 

 

D. Determination of the Optimum Temperature 
Lipolytic activity positive stains with a growth rate of OD600 greater than 1 (at 30 ºC) were further tested in the SWW 

medium under the conditions of 25 ºC and 40 ºC. For each case, growth rate was measured in order to determine the 

optimum temperature. 

 

E. Comparison of Lipid-Degradation Rate, Lipase Activity, Free Fatty Acid Percentage, and Cell Growth 
Lipolytic activity positive strains with a growth rate of OD600 greater than 1 (at 30 ºC) were pre-cultivated in LB media at 

30 ºC for 24 h. Subsequently, a suspension of 1% (v/v) from each strain was inoculated into 100 ml of SWW medium in a 

pre-sterilized 500 ml flask. Cultivation took place on a rotatory shaker at 30 °C and 120 rpm for 48 hours. After 48 hours, 

samples were analyzed for lipid degradation and cell growth. 

 

Strain which showed the highest lipid degradation rate was selected (in a case it was the strain, S-48), and the experiment 

was repeated for the selected strain for an extended duration of 11 days. Several samples were withdrawn during the 

incubation period and analyzed for the lipase activity, free fatty acid percentage and cell growth (as OD600). 

 

F. Measurement of Lipase Activity 

The lipase activity of a culture supernatant was measured as the turbidity caused due to degradation of palmitic acid. The 

attenuance of each sample withdrawn during the cultivation was measured at 450 nm, where highest attenuance indicated 

the highest lipase activity  [8]. 

 

G. Measurements of Free Fatty Acid Percentage (FFA%) from the Standard n-Hexane Extraction Methods  

A volume of 40 ml from the culture was aseptically drawn and transferred to a clean separating funnel, where it was 

mixed with 40 ml of n-hexane, and left for 2 minutes for phase separation. After that, the upper layer was collected and the 

extraction cycle was repeated several times for the lower layer with fresh n-hexane. The extract was heated up to around 

100°C to evaporate hexane, and the final weight of the dried extract was measured. Extracted fatty acids were dissolved in 

neutral alcohol (100 ml) and titrated with 0.1 M NaOH in the presence of phenolphthalein. With the development of pink 

color at the equivalence/end point, the titrated NaOH volume was determined. The FFA% of the sample, which is an 

indicator for lipid degradation and/or acid utilization, was calculated using the equation developed by Paguot and Hautfenne 

1987 [8]. 

���% =
�� × � × 256 × 100

1000 × ����ℎ� �� ��� �������
 

 

Here, EP is the volume of the 0.1 M NaOH at the end point, M is the molarity of NaOH, and 256 is the molecular 

weight of the Palmitic acid  [8]. 
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As FFAs are formed due to lipid degradation, FFA% can be used as an indicator for the extent of lipid degradation. 

Generally, FFA% is higher if the extent of lipid degradation is higher. Therefore, throughout this experiment, the net increase 

of FFA% of a tested sample (compared to a black sample), was used as the indicator for the extent of lipid degradation. 

 

H. Identification of Strain S-48 

S-48 was identified in accordance with the morphological and biochemical tests and 16S rRNA sequence. The Bacterial 

Genomic DNA Mini-prep Kit (BayGene/Sigma-Aldrich) was applied for DNA extraction [9]. Polymerase chain reaction 

(PCR) using primers 20 F (5’-AGAGTTTGATCMTGGCTCAG-3’ and 1492 R (5’-TACGGYTACCTTGTTACGACTT-

3’ amplified the 16S rRNA of strain S-48.  

 

PCR amplification was performed for 30 cycles of initial denaturation, 95 ºC for 30 s, annealing, 55 ºC for 30 s, and 

extension, 72 ºC for 1 minute. The amplified DNA was purified by PCR product purification kit (PureLink® PCR 

Purification Kit) and confirmed by sequencing (Macrogen, Seoul, Korea). The sequences were compared with the 16S rRNA 

sequences in the Gene Bank Data Base using Blast program available at National Center for Biotechnology Information. 

 

III. RESULTS AND DISCUSSION 
 

A. Isolation of Lipid-Degrading Strains 

Among the 56 number of bacterial strains that screened and isolated, only six strains showed the opaque halo around 

their colonies in the Tw20 medium and three of them exhibited a cell growth rate above OD600 of 1 in the SWW medium. 

Further, experiments were carried out using these three strains. 

  

B. Determination of the Optimum Temperature 

Generally, temperature has a significant impact on cell growth and lipid degradation rates. Extremely high or extremely 

low temperatures may cause conformational changes in bacterial enzymes, ultimately making them non-functional. Therefore, 

to determine the optimum temperature for the bacterial growth, a moderate variance of temperature was considered. 

 

 Each microbial species retains a specific temperature at which their growth is maximum. At this particular temperature, 

metabolites function at their maximum, resulting a rapid increase in cell size as well as cell division rate. In this study, all the 

tested strains showed their maximum growth rate at 30 ºC (Table 1), which is the normal temperature of the dairy effluents 

in Sri Lanka. 

TABLE I 

CELL GROWTH RATE COMPARISON AMONG SCREENED STRAINS (S-48, S-36, AND S-51) AT DIFFERENT TEMPERATURES 

WITHIN 48 HOURS 

 

 

 

 

 

 

 

C. Comparison of Lipid Degradation Rate, Lipase Activity, Free Fatty Acid Percentage, and Cell Growth 

In Table 2, results show that S-48 yielded the highest cell growth rate (OD 600 = 1.574±0.001) and lipid degradation rate 

(2.42±0.01) in SWW medium for 48 hours. The temperature of industrial effluents in Sri Lanka remains almost constant 

around 30 ºC throughout the year. Thus, the performance efficiency of the strain is unlikely to be significantly influenced by 

the seasonal changes. 

 

 

 

 

 Cell Growth (OD600) 

 Temperature ( ºC) S-48 S-36 S-51 

25 1.05 1.221 1.367 

30 1.241 1.223 1.574 

40 1.187 1.142 1.314 
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TABLE III 

CELL GROWTH AND THE FFA% OF BACTERIAL STRAINS AT 30 °C DURING 48 HOURS OF CULTIVATION IN SWW 

MEDIUM 

Strain Cell growth (OD600) FFA% 

S-48 1.574 2.42 

S-36 1.223 0.82 

S-51 1.241 1.95 

 

Variation of cell growth and lipid degradation for S-48 in SWW medium for duration of 11 days are illustrated in Fig. 3. 

Both cell growth and FFA% increased until the eighth day and then started to decrease. The decrease in cell growth indicates 

the beginning of death phase, which is normally caused by the depletion of nutrients. The decrease that can be observed in 

FFA% may be resulted as the microorganisms switch to utilize fatty acids after lipids have significantly depleted. 

 

 
 

Fig. 3: Variation of cell growth and the lipid degradation for S-48. The strain was cultivated in SWW medium at 30 ºC. 

 

Fig. 4 illustrates the variation of lipase activity and FFA% with time. There, it can be observed that the lipase activity, 

which had drastically increased within the first day, remained almost constant during the time period considered, with a 

slight decrease towards the end. 

 

D. Identification of Strain S-48 

According to the results of morphological and biochemical tests, S-48 was a short, rod-shaped, gram negative bacterium, 

which was capable of producing catalase, α-glucosidase and cytochrome oxidase (Table 3).  
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TABLE IIIII 

CELL GROWTH AND THE FFA% OF BACTERIAL STRAINS AT 30 °C DURING 48 HOURS OF CULTIVATION IN SWW 

MEDIUM 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 16S rRNA showed a high similarity (more than 99%) with that of the genus Pseudomonas. Using the results obtained 

from morphological and biochemical tests and 16S rRNA analysis, S-48 was identified as Pseudomonas aeruginosa sp. 

 

IV. CONCLUSIONS 
 

According to the author’s knowledge and literature available, no proper study has been carried out, under Sri Lankan 

circumstances, to identify microbial strains capable of degrading lipids. In this study, bacterial strains, which were isolated 

form 

 
 

Fig. 4: Variation of lipase activity and FFA% with time for strain S-48. The strain was cultivated in SWW medium at 30 ºC. 

several local sources, exhibited their potential to be employed effectively in lipid-containing wastewater treatment 

applications. The bacterial strain, which showed the maximum lipid-degradation rate, was isolated from soil, and identified 

as Pseudomonas aeruginosa sp. Future works can be directed towards pilot-scale studies using actual industrial effluents to 

observe the performances of the separated microbial species. 
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Characteristics S-48 

Gram staining - 

Cell morphology Rod 

Motility (Motile/Non-motile) Motile 

Capsule (Capsulated/Non-capsulated) Non-capsulated 

Spore (Sporing/Non-sporing) Non-sporing 

Cytochrome oxidase + 

Catalase + 

α-Glucosidse + 

Citrate + 

Urease - 
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