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 The untreated effluents of Indore region such as soybean oil mill effluent from Ruchi soy industry, dairy effluent from Sanchi 

dairy industry and domestic waste water (kabitkhedi) rich in fat and oils were treated by using a novel and potential lipase 

producing strain Staphylococcus argenteus MG2 till 6 days for the bioremediation of oil and fat rich waste water. The value of 

BOD and the content of lipid were analyzed on alternative days. The BOD value of soy oil effluent reduced from1500 mg/L to 80 

mg/L. The lipid content was 700 mg/L before treatment, which reduced to 58 mg/L after 6 days treatment. A promising lipase 

producing strain Staphylococcus argenteus MG2 was found to have more potential in degradation of oil and grease of soy oil 

effluent than other effluents as this organism was isolated from oil contaminated soil and can be used as a bacterial based oil and 

grease removal system as a cost effective and environmental friendly process. This research work would be beneficial for 

humankind because this isolated lipase producing strain can be used to degrade oil from industrial waste water and that water 

can be reused for irrigation of crops. 
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1. INTRODUCTION 

Bioremediation is the use of living microorganisms and 

must enzymatically attack to degrade the 

environmental contaminants into less toxic forms. 

Lipids (fats, oils and greases) are major and stable 

organic matters in municipal and some industrial 

waste water and can cause severe environmental 

pollution. Waste water produced from slaughter 

house, edible oil refinery, wool scouring and dairy 

products consist a more concentration of lipids 

(Wakelin et al., 1997; Lefebvre et al., 1998) which causes 

serious problems in biological waste water treatment 

processes. They make a layer on surfaces of water and 

reduce oxygen transfer rate into the aerobic process 

(Becker et al., 1999) which causes death of several forms 

of water life. 

Due to rapid urbanization and industrial development, 

the discharge of oil and grease containing waste water 

to the environment increases every year. The presence 

of oil and grease in water treatment units will cause 

problems in biological treatment stages (Ahmad et al., 

2006). The degradation of oil and fat with the help of 
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lipase producing microorganisms has become a curious 

layout because it degrades lipids into carbon dioxide 

and water, and treatment cost also becomes less 

(Lefebvre et al., 1998 and Agnieszka et al., 2007). 

Bioremediation of lipid rich wastes have been 

examined (Borja et al., 1998). Pseudomonas aeruginosa LP 

602 showed good potential for use in treatment of 

waste water from a catering unit containing high lipid 

content (Dharmsthiti et al., 1998). The role of lipid 

degradation capacity for Pseudomonas aeruginosa was 

found to be high compared to other bacteria like 

Bacillus subtilis, Bacillus licheniformis, Bacillus 

amyloliquefaciens, Serratia marcescens and Staphylococcus 

aureus. The formulated mixed culture was found to be 

effective in treatment of lipid rich wastewater (Prasad et 

al., 2011). Lipases from different origins could be used 

by either exsitu or insitu, to clean up the wastes of lipid 

processing factories and restaurants (Pandey et al., 

1999). 

The aim of this research work was the bioremediation 

of lipid rich waste water of various industries by using 

a promising lipase producing strain Staphylococcus 

argenteus MG2 (Golani et al., 2019). 

2. MATERIALS AND METHODS 

For the bioremediation of oil and fat rich waste water, 

various samples were collected from Ruchi soy 

industry, Sanchi dairy industry and domestic waste 

water (Kabitkhedi), Indore. Biodegradation of various 

effluents was carried out by using potential lipase 

producing strain Staphylococcus argenteus MG2 for 6 

days. BOD value and lipid content were analyzed on 

alternative days. 

For the determination of BOD, 300 ml waste water 

sample was taken in 1L capacity of Erlenmeyer flask 

and for the determination of lipid content, 100 ml each 

of the effluent medium was dispensed into four 

Erlenmeyer flasks of 500 ml capacity. The flasks were 

labelled as 1, 2, 3, and 4. The final pH of the medium in 

all flasks was set at 7.0 with 1N NaOH. The sample 

flasks were sterilized at 121oC for 20 minutes. 

In flasks labelled as BOD and flasks of lipid content 

were inoculated with 1% (v/v) inoculum of 24-hours 

culture of Staphylococcus argenteus MG2. The flasks 

were incubated on the shaker at 37oC and at 150 rpm. 

Samples were taken at regular intervals of 48 h from 

respective flasks for analysis of BOD (Helrich 1990) 

and lipid content.  

Determination of BOD 

The required volume of distilled water was aerated in a 

container by bubbling compressed air for 8 to 12 hours 

to attain dissolved oxygen saturation. Then it was 

stabilized for 4 h at room temperature (around 27oC). 

At the time of use 1 ml each of phosphate buffer, 

magnesium sulphate, calcium chloride and ferric 

chloride for each liter of dilution water was added.  

To the 300 ml of diluted sample collected in a BOD 

bottle, 1 ml MnSO4 solution, followed by 1 ml 

alkali-iodide-azide reagent was added. Stoppers were 

placed carefully to exclude air bubbles and mixed by 

inverting bottles a few times. When precipitate was 

settled sufficiently (to approximately half the bottle 

volume) to leave clear supernatant above the 

manganese hydroxide flock, 1.0 ml conc. H2SO4 was 

added and mixed by inverting the bottles several times 

until dissolution is complete. 200 ml of original sample 

was titrated with 0.025M Na2S2O3 solution to a pale 

straw color. Then 2-3 drops of starch indicator solution 

was added and titration was continued until blue color 

disappeared. Volume of Na2S2O3 was used to calculate 

BOD as follows: 

When dilution water is not seeded:  

 

                              D1 – D2 

BOD, mg/l =                                  x 100 

                                   P 

When dilution water is seeded: 

 

                         D1 – D2 – (B1-B2) f  

BOD, mg/l =                                                  x 100 

                                    P 

     Where  

D1 = Initial DO of sample in mg/l 

D2 = DO of sample after incubation in mg/l 

B1 = DO of seed control before incubation in mg/l 

B2 = DO of seed control after incubation in mg/l 

f = ratio of seed in diluted sample to seed in seed 

control; (percent seed in  diluted Sample): (percent seed 

in seed control) 

P = Percentage dilution of sample (sample volume in 

ml/10) 

Note: - f may be used only when seed correction is to be 

applied. 
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Determination of lipid content 

Lipid content of various effluents was determined 

using partition gravimetric method of Kirschman and 

Pomeroy (1949). Oil degradation from each 

experimental flask of various effluents after completion 

of their treatment period was studied. 100ml of the 

sample was taken into a 1 liter separating funnel. 

Bacterial activities were stopped by adding 1% 

1N-HCl. Ten ml of Petroleum ether was mixed with the 

sample in a separating funnel. The mixture was shaken 

for about 30 minutes and then was left undisturbed for 

about 10 minutes. The upper solvent along with oil was 

separated from the lower sample extract. The solvent 

with the oil layer was taken in a preweighed clean 

beaker. The extracted oil was passed through 

anhydrous sodium sulphate to remove moisture. The 

petroleum ether was evaporated on a water bath and 

then kept in the hot air oven at 100º C for 10 minutes 

until the beaker gets dry. The gravimetric estimation of 

residual oil left after biodegradation was made by 

weighing the quantity of oil in a tared beaker. The 

amount of oil present in the sample was determined 

from the following formula: 

(W2 - W1) x 106 

Oils and grease mg/l =  

V 

  

Where: 

W2 = Weight of empty evaporating dish 

+ residual oil in gm. 

W1 = Weight of empty dish in gm. 

 V   = Volume of sample taken in ml. 

Statistical analyses 

All results are expressed as the mean ± standard 

deviation (± SD). The experiment was conducted at 

least 3 times, and each treatment had 3 replicates. 

Thus, for most data points, the n = 3. The Graph Pad 

PRISM (Version-5) software was used for statistical 

evaluations. Differences between untreated and 

treated groups (BOD and Lipid content) were tested 

by two-way analysis of variance (ANOVA). 

Differences at p < 0.001 were considered highly 

significant and p < 0.01 were considered significant. 

 

3. RESULTS  

For the bioremediation of oil and fat rich waste water, 

untreated effluents such as soybean oil mill effluent 

from Ruchi soy industry, dairy effluent from Sanchi 

dairy industry and domestic waste water (kabitkhedi) 

rich in fat and oils were treated by using potential 

lipase producing strain Staphylococcus argenteus MG2 

for 6 days. BOD value and lipid content were analyzed 

on alternative days. The characteristics of effluents used 

are tabulated in Table - 1. BOD (mg/L) values for 

different effluents treated with Staphylococcus argenteus 

MG2 at different incubation periods are tabulated in 

Table - 2. Lipid content (mg/L) values for different 

effluents treated with Staphylococcus argenteus MG2 at 

different incubation periods are tabulated in Table - 3.   

The BOD value of soybean oil mill effluent before 

treatment was 1500 mg/l. When the soy oil effluent was 

treated with Staphylococcus argenteus MG2 for 6 days, 

there was reduction in BOD. BOD is the amount of 

dissolved oxygen needed by aerobic organisms present 

in a body of water to breakdown the organic materials 

at certain temperature over a specific time period (Clair 

et al., 2003). The BOD value of soy oil effluent reduced 

from1500 mg/L to 80 mg/L by the Staphylococcus 

argenteus MG2 (Figure – 1). The lipid content was 700 

mg/L before treatment, which reduced to 58 mg/L after 

6 days treatment by the Staphylococcus argenteus MG2 

(Figure – 4). This result shows a positive correlation 

between the lipase secretion and the reduction in lipid 

content. 

 The dairy industry generates effluents by moderate 

Biochemical Oxygen demand (BOD) and Chemical 

Oxygen demand (COD) reflecting their organic content 

which includes carbohydrates, protein, and fats 

originating from the milk. The characteristics of dairy 

effluents are tabulated in Table -1. The BOD value of 

dairy effluent reduced from 340 mg/L to 36 mg/L by the 

Staphylococcus argenteus MG2 (Figure – 2). The lipid 

content was 55 mg/L before treatment, which reduced 

to 11 mg/L after 6 days treatment by the Staphylococcus 

argenteus MG2 (Figure – 5).  

 The BOD value of domestic waste water (kabitkhedi) 

effluent reduced from 120 mg/L to 12 mg/L by the 

Staphylococcus argenteus MG2 (Figure – 3). The lipid 

content was 28 mg/L before treatment, which reduced 

to 06 mg/L after 6 days treatment by the Staphylococcus 

argenteus MG2 (Figure – 6).  
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These results concluded that for the bioremediation of 

oil and fat rich waste water of untreated effluents, 

lipase producing strain Staphylococcus argenteus MG2 

was found to be very much effective and can be used as 

a bacterial based oil and grease removal system as a 

cost effective and environmental friendly process. This 

strain was found to be more potential in degradation of 

oil and grease of soy oil effluent than other effluents as 

this organism was isolated from oil contaminated soil.  

Table – 1 

Characteristics of untreated effluents from Ruchi soy 

industry, Sanchi dairy industry and Domestic waste 

water (kabitkhedi), Indore 

Parameters Ruchi Soy 

Industry 

Sanchi Dairy 

Industry 

Domestic 

waste water 

(Kabitkhedi) 

Appearance Muddy Turbid Turbid 

Odour Unpleasant Unpleasant Unpleasant 

pH 4.03 8.0 7.94 

Temperature 

(0C) 

36 30 29 

Total Solids 

(mg/l) 

13210 2385 1369 

TDS (mg/l) 12760 1375 1273 

TSS (mg/l) 450 1010 96 

COD (mg/l) 14700 924 268.8 

BOD (mg/l) 1500 340 120 

Oil and grease 

(mg/l) 

700 55 28 

 

 
Figure – 1 Determination of BOD (mg/L) values of soy 

oil effluents treated with     Staphylococcus argenteus 

MG2 at different incubation periods 

 

 

 

 

 

Table - 2 

BOD (mg/L) values for different effluents treated 

with Staphylococcus argenteus MG2 at different 

incubation periods   

Effluents BO

D  

(UT

) 

0 

Day 

BOD 

2 Days a, b, c, 

d 

BOD  

4 Days a, b, c, 

d 

BOD  

6 Days a, b, c, 

d 

UT T UT T UT T 

Ruchi Soy 

Industry 

1500 1419.6

6 

±0.577 

900 

±1**

* 

1392.3

3 

±2.516 

500 

±1**

* 

1305 

±5 

80 

±2.5**

* 

Sanchi 

Dairy 

Industry 

340 310 

±1 

136 

±2**

* 

284.33 

±4.041 

84 

±2**

* 

242.3

3 

±2.51

6 

36 

±1.2**

* 

Domestic 

waste 

water 

(Kabitkhe

di) 

120 102.33 

±2.516

6 

68 

 

±2**

* 

94.66 

±0.577 

32 

  

±1**

* 

82.33 

±1.52 

12 

  

±1.1**

* 

a. UT – Untreated effluents, T – Treated effluents.  

b. The results are expressed as the mean ± SD of 

three independent experiments conducted in 

triplicates. 

c. Differences between untreated and treated 

groups of BOD were tested by two-way analysis 

of variance (ANOVA).  

d. Differences at ***, p < 0.001 were considered 

highly significant. 

 

 
Figure – 2 Determination of BOD (mg/L) values of 

dairy effluents treated with     

Staphylococcus argenteus MG2 at different incubation 

periods 
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Figure – 3 Determination of BOD (mg/L) values of 

domestic waste water treated            with 

Staphylococcus argenteus MG2 at different incubation 

periods 

 

Table - 3 

Lipid content (mg/L) values for different effluents 

treated with Staphylococcus argenteus MG2 at 

different incubation periods   

Effluents Lipid 

conte

nt 

 (UT) 

0 Day 

Lipid content  

2 Days 

Lipid 

content 

4 Days 

Lipid 

content  

6 Days 

UT T UT T UT T 

Ruchi Soy 

Industry 

700 660 

±2 

374 

±1*** 

630 

±2 

161 

±1*** 

60

2 

±5 

58 

±2.5*

** 

Sanchi 

Dairy 

Industry 

55 50 

±1 

31 

±2.5*

** 

46 

±2.5 

24 

±2.5*

** 

40 

±2.

5 

11 

±1.2*

** 

Domestic 

waste 

water 

(Kabitkhe

di) 

28 25 

±2.51

66 

16 

 ±2*** 

20 

±0.57

7 

10 

  

±1*** 

16 

±1.

5 

6 

  ±1** 

 UT – Untreated effluents, T – Treated effluents.  

 The results are expressed as the mean ± SD of 

three independent experiments conducted in 

triplicates. 

 Differences between untreated and treated 

groups of Lipid content were tested by two-way 

analysis of variance (ANOVA).  

 Differences at ***, p < 0.001 were considered 

highly significant and **, p < 0.01 were considered 

significant 

 

 

 

 
Figure – 4 Determination of lipid content (mg/L) 

values of soy oil effluents treated with 

Staphylococcus argenteus MG2 at different incubation 

periods 

 

 
Figure – 5 Determination of lipid content (mg/L) 

values of dairy effluents treated with Staphylococcus 

argenteus MG2 at different incubation periods 

 

 
Figure – 6 Determination of lipid content (mg/L) 

values of domestic waste water treated with 

Staphylococcus argenteus MG2 at different incubation 

periods 

4. DISCUSSION 

In the present study, for the bioremediation of oil and 
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effluent from Sanchi dairy industry and Domestic 

waste water (kabitkhedi) rich in fat and oils were 

treated by using potential lipase producing strain 

Staphylococcus argenteus MG2 for 6 days. The value of 

BOD and the content of lipid were analyzed on 

alternative days. The BOD value of soy oil effluent 

reduced from1500 mg/L to 80 mg/L. The lipid content 

was 700 mg/L before treatment, which reduced to 58 

mg/L after 6 days treatment. The BOD value of dairy 

effluent reduced from 340 mg/L to 36 mg/L. The lipid 

content was 55 mg/L before treatment, which reduced 

to 11 mg/L after 6 days treatment. The BOD value of 

domestic waste water (kabitkhedi) effluent reduced 

from 120 mg/L to 12 mg/L. The lipid content was 28 

mg/L before treatment, which reduced to 06 mg/L after 

6 days of treatment by the Staphylococcus argenteus 

MG2.  

A potential lipase producing strain Staphylococcus 

argenteus MG2 which was isolated from oil 

contaminated soil was found to be very much effective 

in degradation of oil and grease and can be used as a 

bacterial based oil and grease removal system as a cost 

effective and environmental friendly process. This 

strain was found to be more potential in degradation of 

oil and grease of soy oil effluent than other effluents as 

this organism was isolated from oil contaminated soil. 

The strain Staphylococcus argenteus MG2 has not been 

used by other researchers but the results correlates with 

other bacteria. Nayana et al., 2015 reported that the 

BOD value of dairy effluent reduced from1600 mg/L to 

400 mg/L by the three bacterial strains (Bacillus 

coagulans, Bacillus simplex and Trichococcus sp.) when 

treated individually. The decrease in BOD was faster 

when the consortium was used than the individual 

organisms. 

 

Lezzat et al., 2014 observed for B. cereus, 100% (v/v) of 

Palm Oil Mill Effluent (3012 mg/L oil and grease) was 

degraded after 7days of incubation at 200 rpm, 30oC 

and pH 6. 

 

Prasad et al., 2011 studied that the average BOD value 

and lipid content of waste water samples before the 

treatment was 3200 mg/L and 25000 mg/L respectively. 

After treating with individual bacteria, P. aeruginosa 

showed very good reduction of BOD value (112 mg/L) 

from the day one in palm oil effluent, (82 mg/L) dairy 

effluent and (9 mg/L) domestic water effluent. P. 

aeruginosa resulted in very good lipid degradation in 

palm oil effluent (325 mg/L) and domestic waste water 

(17 mg/L), whereas S. marcescens showed good lipid 

degradation in dairy effluents (280 mg/L). 

Mongkolthanaruk et al., 2002 treated lipid rich waste 

water by a mixed culture of P. aeruginosa LP602, Bacillus 

sp. B304 and Acinetobacter calcoaceticus LP009 which 

reduced the BOD value and lipid content from 3600 and 

21,000 mg/L, respectively, to < 20 mg/L within 12 days 

under aerobic conditions and were acceptable for waste 

water discharge into the environment. Bhumibhamon 

et al., 2002 reported that single culture of Acinetobacter 

KUL8 showed highest fat and oil degradation in palm 

oil waste water by 87.72% in 7 days.  

Dharmsthiti et al., 1998 reported that the strain P. 

aeruginosa LP602 have high potential for use in lipid-rich 

waste water treatment. 

 

5. CONCLUSION 

The significant outcome of the study was the 

bioremediation of oil and fat rich waste water of 

untreated effluents such as soybean oil mill effluent 

from Ruchi soy industry, dairy effluent from Sanchi 

dairy industry and domestic waste water (kabitkhedi) 

by a potential lipase producing strain Staphylococcus 

argenteus MG2 which was isolated from oil 

contaminated soil. It was found to be very much 

effective in degradation of oil and grease and can be 

used as a bacterial based oil and grease removal system 

as a cost effective and environmental friendly process. 
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