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INTRODUCTION
 

Bio-surfactants are amphiphilic biological compounds 

produced extracellular or as part of the cell membrane by 

a variety of yeast, bacteria and filamentous fungi.
[1] 

Biosurfactants have many important environmental 

applications for the development of non-polluting 

processes in bioremediation and dispersion of oil spills, 

enhanced oil recovery and transfer of crude oil. Other 

potential applications of biosurfactants relate to food, 

cosmetic, health care industries and cleaning toxic 

chemicals of industrial and agricultural origin.
[2]

 It 

replaces the polluting conventional physicochemical 

methods that produce toxic byproducts.
[3]

 Further, its 

metal removing and antimicrobial activity against 

pathogens were analyzed for its potential application in 

pharmaceutical and environmental fields.
[4]

 

 

For the development of economical processes that use 

low-cost materials wastes to give high yields the choice 

of inexpensive raw materials with the proper balance of 

nutrients will allow microbial growth and consequent 

biosurfactant production. Agro - industrial wastes with a 

high content of readily metabolizable carbohydrates or 

lipids is ideal for use as substrate. These inexpensive 

agro- industrial waste substrates include cassava waste 

water, palm oil mill effluent, groundnut waste, soybean 

waste, olive mill waste, orange peel waste, potato peel 

waste and sugar waste. The use of such waste materials 

does not only produce biosurfactant but also reduces 

waste disposal.
[5] 

 

Currently, bioremediation is thought to be as a cost and 

performance effective technology to solve environmental 

pollution problems. The pollutants can range from 

polycyclic aromatic hydrocarbons, refined petroleum 

products, acid mine drainage, pesticides, industrial waste 

and heavy metals to crude oil. With the use of rham-

nolipids, the biodegradation of these pollutants can be 

significantly enhanced.
[6, 7]

  Rhamnolipids are also tested 

for the uptake of hydrophobic antibiotics in-vivo to 

enhance their activity. Different types of biosurfactants 

have shown antimicrobial actions against bacteria, fungi, 

algae, and viruses.
[8, 9, 10]

  Hence this work was focused to 

optimize the biosurfactant production using agro-

industrial wastes likes’ wheat bran, sugarcane waste, 

groundnut and coconut oil wastes. Further to explores the 

ability of biosurfactant in the removal of metal from the 
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ABSTRACT 

Biosurfactants were selected as an attractive tool because of its versatility, biodegradability, ecological safety and 

environmental acceptance. Since analyzing its ability to use agro-industrial wastes is needed for its mass 

production and industrial application, this work aimed to optimize the production of Biosurfactant with different 

agro wastes. The potent isolate D5 was identified based on 16S rRNA gene analysis and confirmed with blast that 

it closely related to C. sedlakii (99%). Among the agro waste tested, C. sedlakii D5 exhibited maximum 

biosurfactant production utilizing sugarcane bagasse and peanut waste with the highest zone formation in oil 

spreading technique and emulsification activity (25 mm and 78.5%).  Further the biosurfactant of 160 mg/200 ml 

was extracted and the Biosurfactant was characterized as rhamnolipid with phenol-sulphuric test and TLC 

analysis. The amount of metal removed after biosurfactant treatment were found to be 15-45% for manganese, 

copper, zinc, silver and mercury. The Biosurfactant of C. sedlakii elaborated remarkable antibacterial activity with 

zone of inhibition of 23mm and 16 mm against E. coli and Staph. aureus. The outcome of this work emphasis the 

use of sugarcane bagasse and peanut as cost effective and sustainable agro-industrial substrates for biosurfactant 

production and suitability of C. sedlakii D5 as ideal candidate proven to be further explored for pharmaceutical 

and environmental application. 
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aqueous solution and to identify the antimicrobial 

property of biosurfactant against selective pathogen. 

 

MATERIALS AND METHODS 

Isolation and Screening for Biosurfactant producing 

bacteria 

The oil contaminated soil samples were collected from 

places near diesel bunk contaminated with metals from 

Sivakasi, Virudhunagar District, Tamilnadu, India. The 

samples were spread plated on sterilized nutrient agar 

plates and were incubated at 37° C for 24 h. 

Biosurfactant activities of the isolated bacterial strains 

were detected by using emulsification assay, oil 

spreading technique and Para film M-test.
[11]

 

 

Culture Characterization with 16S rRNA sequence 

analysis 

Microscopic examination and biochemical 

characterization of the isolates were carried on the basis 

of characters given in Bergey’s manual of Systematic 

Bacteriology.
[12]

 Overnight culture (1.5ml) of selected 

isolates in Nutrient broth was centrifuged at 5000×g for 

10 min at room temperature. The cell pellet was used for 

extraction of total genomic DNA. For amplification of 

the 16s rDNA gene, universal primers F 27 (5-

AGAGTTTGAT CMTGGC TCAG-3) and R1492 (5-

TACGGYACCT TGTTACGACTT-3) were used 

(Macrogen, Korea). DNA sequence data sets were 

assembled using the Bioedit sequence alignment editor 

sotware, version 7.0 sequence similarity values were 

determined using the basic local alignment search tool 

(BLAST) of the National Centre of Biotechnology 

Information (NCBI). 

 

Production of Biosurfactant using various agro-

industrial waste substrates 

The agro-industrial wastes were washed with cold water 

and subsequently with warm water to get rid of dust and 

impurities. The washed substrates were then dried at 

50°C overnight. The coconut and peanut oil waste were 

powdered and sieved. Biosurfactant production was 

carried out using the fermentation medium taken in 250 

conical flaks containing 5 g of substrates (wheat bran, 

sugarcane bagasse waste, peanut and Coconut oil waste) 

in100 ml of sterile liquid medium(g/ l); [KH2 PO4 - 

3.40g, NaCl - 1.10g, MgSO4. 7H2O - 0.50g, NaNO3 -

15g, KCL- 1.10g, FeSO4.7H2O - 0.56g, K2HPO4 - 4.4g, 

Yeast extract -10g with pH 7.2]. The flasks were 

autoclaved and inoculated with 1ml of the prepared 

inoculum, thoroughly mixed and followed by incubation 

at 37˚C for 5 days. After incubation the samples were 

aseptically withdrawn centrifuged at 10,000 rpm for 10 

min and supernatant was analyzed using oil spreading 

technique, Parafilm M test and Emulsification assay. 

 

Estimation of Biosurfactant production 

Phenol-Sulphuric Acid Method 

The cell free supernatant (1ml) was added with 1ml of 

5% phenol. This mixture was added with 2.5ml of 

concentrated sulphuric acid drop by drop, until 

characteristic colour was appeared. Development of 

orange colour indicated the presence of glycolipids.
[13]

 

 

Orcinol method 

The orcinol assay was performed according for the direct 

assessment of the amount of glycolipids. The sample 

(100 μl) was added to 900 μl of a solution containing 

0.19% orcinol (53% H2SO4). The mixture was heated for 

30 min at 80ºC followed by cooling at room temperature. 

The optical density was measured at 421 nm using 

control prepared with distilled water. The rhamnolipid 

concentrations were calculated from a standard curve 

prepared with L-rhamnose and expressed as rhamnose 

equivalents.
[14]

 

 

Extraction of the Biosurfactant 

The selected Biosurfactant producing strain was grown 

in optimized condition. The cells were separated by 

centrifugation (8500 rpm for 20 min). The supernatant 

obtained was treated by acidification to pH 2.0 using a 

6M HCl and the acidified supernatant was left overnight 

at 4°C for the complete precipitation of the 

biosurfactants. The precipitate was collected by 

centrifugation and dissolved in a 0.1M NaHCO3 

solution, followed by the biosurfactant extraction step 

with a solvent having a 2:1 CHCl3–C2H5OH ratio at 

room temperature (25–27 °C). The organic phase was 

transferred to a round bottom flask connected to a rotary 

evaporator in order to remove the solvent at 40°C.
[15] 

 

Thin Layer Chromatography 

Preliminary characterization of the biosurfactant was 

done by TLC method.
[11]

 A small fraction of sample was 

separated on a silica gel plate using CHCl3:CH3OH:H2O 

(70:10:0.5v/v/v) as developing solvent system with 

different colour developing reagents. Ninhydrin reagent 

(0.5g ninhydrin in 100 ml anhydrous acetone) was used 

to lipopeptide biosurfactant as red spots and anthrone 

reagent (1g anthrone in 5 mL sulfuric acid mixed with 95 

ml ethanol) to detect glycolipid biosurfactant as yellow 

spots. 

 

Removal of Heavy metal using biosurfactant 

The extracted biosurfactant was used for removal of 

metals such as manganese, zinc, silver, mercury, copper. 

The sample of 10 ml with metal solution was prepared 

with containing concentration (0.4 mg/ml). The pH of 

the medium was adjusted to 7.0 - 7.2 and sterilized in an 

autoclave at for 15 min. Then the extracted biosurfactant 

(about 50μl) was inoculated in the medium and incubated 

at 37˚C for 24 h. After incubation the samples were 

analyzed with spectrophotometer using the medium 

without biosurfactants as a control. All experiments were 

performed in triplicate and the average value were 

calculated and presented as a percentage of metal 

removed. 

 

Then the percentage of metal removed (η) was calculated 

based on the initial metal content (control) in the aqueous 

solution using the following equation. 
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η = CM-CMF/ CM × 100. 

 

Where; CM is the initial concentration of heavy metals 

(control, i.e. without treatment) and CMF is the final 

concentration of heavy metals (after treatment with 

biosurfactant).
[16]

 

 

Antimicrobial activity 
The pathogenic bacteria (Escherichia coli and 

Staphylococcus aureus) were swabbed on the Muller 

Hinton agar plates. Then 30μl of purified biosurfactant, 

was dropped into the well. The plates were incubated at 

37˚Cfor 24 h. After the incubation the zone of inhibition 

was observed around the well and it was measured. 

 

RESULT AND DISCUSSION 

Isolation and Identification of Biosurfactant 

producing bacteria 

A total of 52 bacterial strains were isolated and screened 

using oil spreading method.  A potential Biosurfactant 

producing bacterium was selected and identified as 

Citrobacter sedlakii. The sequencing and blast results of 

the 16 S rRNA gene of the isolate D5 exhibit 99 % 

similarity to Citrobacter sedlakii thus confirming the 

results microscopic and biochemical analysis shows that 

it is gram negative rod, non spore former.  The 16S 

rRNA partial gene sequence Citrobacter sedlakii D5 has 

been deposited in GenBank under the accession 

no.KY750319. 

 

Production of Biosurfactant using Agro wastes 

Commercially agricultural wastes are being used to 

reduce the cost of fermentation media.  Hence the ability 

of Citrobacter sedlakii D5 to utilize various agro wastes 

for biosurfactant production were tested with different 

combination of  wheat bran, sugarcane bagasse, peanut 

and coconut waste at 2% (v/v). Among these agro waste 

tested, C. sedlakii D5 exhibited maximum biosurfactant 

production utilizing sugarcane bagasse and peanut as 

agro waste source with the highest zone formation in oil 

spreading technique and emulsification activity (25 mm 

and 78.5) (Table 1). However with cassava flour water 

Bacillus sp. LB5a isolate showed minimum surface 

tension of 28 mN/m.
[17]

 Similarly, The emulsifying 

activity with sesame oil seems to be more with Rf of 

0.22 for B. subtilis islolate.
[18]

  Biosurfactant produced by 

P. aeroginosa using cashew bagasee gave increased 

yield of 0.71g.
[19]

 

 

The effects of incubation time on Biosurfactant 

production were determined at different time intervals 

shows that the production increased with incubation time 

and recorded maximum   after 72 h at 37˚C (Fig. 1). The 

optimum incubation period for maximum production of 

biosurfactant was at 8 days observed with oil 

displacement of 38, 41 and 36 mm for Candida famata 

No.11, C. albicans No.13 and C. albicans No.25, 

respectively.
[20]

 The optimum time for biosurfactant 

production by Bacillus cereus, B7 was found in 30 h 

(Sidkey et al., 2012). P. flourescens FNCC 007 on media 

containing a mixture of natural manipueira and nutrient 

broth with 48 h fermentation was the optimum condition 

for the biosurfactant production.
[21]

 This infers that 

optimum incubation period for Biosurfactant varied 

based on the microorganism and the substrate used for 

fermentation. 

 

Extraction and Characterization of Biosurfactant 

The Biosurfactant produced by C. sedlakii D5 was 

precipitated, extracted and the organic phase was 

evaporated in a rotary evaporator to give a white powder 

with highest biosurfactant yield (160 mg/200ml).   The 

phenol-sulphuric test was performed with cell-free 

supernatant of Citrobacter sedlakii D5 had shown orange 

colour and further appearance of yellow spots when 

sprayed with an anthrone reagent in TLC confirms the 

glycolipid nature of Biosurfactant (Fig. 3).  Similarly, 

Biosurfactant of Citrobacter freundii HM-2 were 

analyzed with TLC pattern and FT-IR and designated as 

glycolipids (rhamnolipid).
[22]

 

 

Removal of heavy metals using Biosurfactant 

The concentrations of metals removal present after 

biosurfactant treatment were analyzed. The maximum 

removal of manganese obtained (44.5%). Whereas 

removal of metal copper and zinc were found to be up to 

24.6 and 29.4%. The lowest metal removal was found for 

silver and mercury (15-17 %) (Fig. 4). The ability to 

remove metal was higher compared with Rhamnolipid of 

P. aeruginosa 20% removal of zinc.
[16]

 Even 

Biosurfactant of Pseudomonas putida T1(8) have the 

removal for Zn and Cu was up to only 6.5% and 2.01% 

respectively.
[23]

 However the uptake of Cr and Pb for C. 

freundii, C. kosari and in mixes culture of both bacteria 

is 58%, 53% and 82% respectively for chromium in 

solution containing 1000ppm of Cr and 59%, 63% and 

78% respectively for lead in solution containing 

1000ppm of lead.
[24]

 

 

Antimicrobial Action of Rhamnolipid 

The antibacterial activity of biosurfactant of C. sedlakii 

D5 was evaluated against bacterial pathogens. After 

incubation the antimicrobial activity was evaluated by 

measuring the zone of inhibition. The zones of inhibition 

were found to be 23 mm against E. coli and 16 mm with 

Staphylococcus aureus (Fig. 5). The highest 

antimicrobial activity of P. aeruginosa B1 and B2 strains 

was 25.6 - 26.4 mm against B. subtilis, whereas the 

lowest antimicrobial activity were 6.0 - 4.2 mm against 

E. coli, respectively.
[25]

 The biosurfactant produced by 

Pseudomonas aeruginosa strain F23 was also tested for 

its antimicrobial activity and it was found to be effective 

against wide range of test pathogens such as Escherichia 

coli, Salmonella typhimurium, Staphylococcus aureus, 

Proteus vulgaris and Proteus mirabilis (zone of 

inhibition ranged from 12mm-16mm).
[26]

 Even 

antimicrobial activity bioemulsifier of Saccharomyces 

cerevisiae reduced the growth of  Escherchia coli (25 

mm) and Staphylococcus aureus (12mm).
[27]
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Table 1: Zone of oil displacement and Emulsification activity (E24%) of Biosurfactant produced by C.sedlakii 

D5 using different agro wastes. 

Agro-wastes Zone of oil displacement (mm) Emulsification activity (E24%) 

C & S 15 45.6 

C & W 17 56.2 

P & S 25 78.5 

P & W 20 62.4 

C-coconut waste, S-sugarcane bagasse, W-wheat bran, P-peanut waste. 

 

 
 

 
 

 
Fig 3: Biosurfactant activity of culture supernatant of Citrobacter sedlakii D5 in peanut waste and sugarcane 

bagasse medium (A) Phenol-sulphuric test (B) TLC analysis. 
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Fig: 5. Antibacterial activity of C. sedlakii D5 against 

(A) E. coli and (B) Staphylococcus aureus. 

 

CONCLUSION 

In conclusion, Citrobacter sedlakii D5 strain proves to be 

a promising producer of biosurfactant with sugarcane 

bagasse and peanut agro waste.  Biosurfactant has 

confirmed its ability in removal of heavy metals 

(manganese, copper, zinc, silver and mercury) and with 

remarkable antimicrobial activity against E. coli and 

Staph. aureus, but still research is needed to optimize for 

industrial scale up process in the area of its 

environmental and clinical applications. 
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