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ABSTRACT 

The present study demonstrates the production and properties of a biosurfactant by Pseudomonas sp isolated from Cashew nut 
shell liquid contaminated soil. Biosurfactant production was confirmed by conventional screening methods including Emulsification 
Activity, Emulsification Power, Rhamnolipid Quantification, Drop Collapse method and Oil Spreading test. These studies revealed 
that the isolate produced Ramnolipid. Based on Indian standard and bacteria identification chart, the isolate was considered to be a 
Pseudomonas spp. The cashew nut shell liquid was the best carbon source for the production of biosurfactant. The rhamnose 
production was higher in the medium containing ammonium nitrate and lower in the medium containing ammonium chloride. The 
effect of agitation on the production of biosurfactant was also investigated. Considering the biosurfactant production by utilizing the 
cashew nut shell liquid which is one of the waste products from cashew industry, inexpensive and renewable sources as carbon 
source, This could be used as potential source for large scale production of biosurfactant.  

Keywords: Biosurfactants, Pseudomonas spp, Cashew nut shell liquid, carbon source. 

 
INTRODUCTION 

icrobial  surfactants  are  complex  molecules  
comprising  a  wide  variety  of  chemical  
structures  such  as  glycolipids,  lipopeptides,  

fatty  acids,  polysaccharide, protein  complex, peptides 
and phospholipids. They are biodegradable non-toxic and 
eco friendly materials. The unique properties of 
biosurfactants allow their use and possible replacement 
of chemically synthesised surfactants in a number of 
industrial operations1. Biosurfactants reduce surface 
tension, Critical Micelle Concentration (CMC) and 
interfacial tension in aqueous solutions and hydrocarbon 
mixtures2, 3. 

In recent years, much attention has been directed toward 
biosurfactants owing to their advantages such as low 
toxicity, high biodegradability, better environmental 
compatibility, high foaming capability, higher selectivity, 
specific activity at extreme temperature, pH, salinity, and 
the ability to synthesize them from renewable food 
stocks. Recently, biosurfactants have been widely used in 
environmental protection, including EOR, oil spills control, 
biodegradation, and detoxification of oil contaminated 
industrial effluents and soil. Biosurfactants can also be 
used in bioremediation of soil and sand or in the cleanup 
of hydrocarbon contamination in groundwater 4. 
Biosurfactants can  improve  the bioavailability  of  
hydrocarbons  to  the microbial  cells  by  increasing  the 
area at the aqueous-hydrocarbons  interface. This 
increase the rate of hydrocarbon dissolution and other 
utilisation by microorganisms5. Due  to the features of 
high  surface  activity  and  bio-availability,  biosurfactants   
produced  by  a variety  of microorganism  have  been 
studied  extensively  in  recent  years6. The potential  

applications of biosurfactants  include  emulsification,  
phase separation,  wetting,   foaming  and  surface  
activity  that  can  be  exploited  in  food,  oil,  cosmetic,  
etc7. In   the environmental  sector  microbial  surfactants  
shows  promising  applications  in bioremediation  and  
waste  treatment   to remove  hazardous  material8. The 
objective of the present study was production and 
characterizes the biosurfactant from bacteria by using the 
cashew shell liquid.  The biosurfactant production was 
investigated by giving the cashew nut shell liquid as 
carbon and by changing nitrogen sources in the 
production media. 

MATERIALS   AND   METHODS 

Isolation and identification of biosurfactant producing 
bacteria 

Cashew nut shell liquid contaminated soil was collected 
from a cashewnut processing factory at kollam, Kerala for 
the study. Aseptically transported the sample to the 
Cashew Export Promotion Council Laboratory for further 
studies. The sample was serially diluted, pour plated and 
incubated at 37°C for 48 hrs. After incubation isolated 
colonies were selected based on the morphology and 
were streaked on to nutrient agar plates for purification. 
The slant culture was used for further studies. Isolated 
bacteria were identified by following bacterial 
identification chart 9. 

Inoculum  preparation and culture conditions  

The isolated Pseudomonas sp was inoculated into 50ml 
nutrient broth and incubated at 37ºC for overnight. The 
overnight culture was used as inoculum for the 
biosurfactant production. Production of biosurfactant was 
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carried out in 250ml Erlenmeyer  flasks  containing  100ml  
of  the  mineral  salt  medium  with pH  7.0.  After  
sterlizing   the  media  1%  cashewnut  shell  liquid  (CNSL)  
was  added  as  substrate  and  1%  of  the  overnight   
culture  was  inoculated in to  the  medium and incubated 
at  30ºC  for a period  9 days  in an incubator.   From  the  
biosurfactant   production  media  5ml  of  the  culture  
was   withdrawn  periodically  for  bacterial  growth  
measurement. It was  monitored  by  measuring  
absorbance  at  a  wavelength  of  610 nm  using  
spectrophotometer for biomass determination.   

Identification of Biosurfactant Production 

Emulsification Activity  

       The  Emulsification  activity  of  the  culture  sample  was  
determined  by  adding  the  0.5 ml  of  the   sample  
supernatant  with  equal  volume of  hydrocarbon 
(Kerosene)  and  4 ml  of  distilled  water  and  mixing  
with  a  vortex  mixer  for 2 minutes. Hold  stationary  for  
1 minute  and  examine  for  turbidity  of  stable  emulsion  
layer. 

Emlsification Power (E.24)                   

Emulsification  Index  of  culture  sample  was  
determined  by  adding  2ml  of a hydrocarbon (kerosene)  
to  the  same  amount  of  sample  supernatant  and  
mixing  with  a vortex  mixer  for  2 minutes.  The mixture 
was left to stand for 24 hrs. The E.24 index was calculated 
by using the equation 10.            

                                   Hight of the emulsion layer        × 100 
 E.24  index    =   
                                       Total Height 

Rhamnolipid   Quantification 

The  Quantification  of  the rhamnolipid  expressed  in  
rhamnose  (mg/L)  was  measured  in  the cell free  culture  
medium  by  a  colorimetric  determination  of  sugars  
with  orcinol 11. 

Orcinol assay 

      A  modified  orcinol method  was  used  to assess  the  
amount  of  glycolipids  in  the  sample, from  this  method   
culture  supernatant  was  obtained  after  removal  of  
cells  by  centrifugation (8000 rpm, 15 minutes). The  
concentration  of  rhamnolipid  was  calculated by  
comparing  the data with  those of rhamnose  standards  
between  0  and  175 ppm. 

Drop Collapse method 

      For  this  method  the servo engine  oil  was spreaded  
uniformly on  the  entire  surface  of  the well  cavity  and 
equilibrated the  plate  for 1hr. Then 50µl  aliquot  of  
supernatant  was  delivered  to  the centre  of  the  wells.  
The shapes of the drops were noted.  If  the drop  
spreaded  and  collapsed  which  indicates  the positive  
for biosurfactant production(qualitative  measurement)12. 

 

Oil spreading test 

      This was  done  by  measuring  the diameter  of  the  clear  
zone occurred  when a drop of  a biosurfactant  
containing  solution were placed  on the oil -water 
surface.  For this  distilled  water  was added  to petridish  
followed  by  addition  of  the crude  oil to  the  surface of  
the   water and 10µl  of  supernatant  of   culture. The 
diameters of clear zone of triplicate assays from the same 
sample were determined 

13
.  

Factors Affecting The Biosurfactant Production 

Effect of agitation  on the production of biosurfactants 

      For   studying  the  effect  of  agitation on biosurfactant 
production a set  of  flasks  were  kept  in  a  rotary  
shaking  incubator  at  180 rpm  at  a temperature  of 

30C for  the  same  period of incubation. 

Effect  of  nitrogen  sources  on  the  production  of 
biosurfactant   

The  mineral  salt  medium  was  prepared   by  changing  
the  Nitrogen  sources. Four nitrogen  sources  were used  
viz (NH4)2SO4,  NH4NO3, NH4Cl and  NaNO3.   The  MSM   
was  prepared   by  adding  1g  of  the  considered  
nitrogen  sources . After  sterilization  1% carbon  source  
(CNSL)  was  added  as  substrate.   Inoculate the  medium  
with  1%  of  overnight  culture   of  the  isolated    
Pseudomonas  Spp.   This  was incubated  at  30ºC for  a 
period of  9 days  in a rotary  shaking  incubator (180 
rpm).   Periodically  barterial   growth  measurement   and  
rhamnolipid  estimation  was   done.  

RESULTS AND DISCUSSION 

The bacteria were isolated from the cashewnut shell 
liquid contaminated soil. The serial dilution of the cashew 
nut shell liquid contaminated soil in nutrient agar plate 
showed several colonies after incubation. From that eight 
different colonies were identified as Enterobacterioceae, 
Arthobacter and Pseudomonas sp based on the bacterial 
identification chart (Table.1).   

Table 1: Identification of Colonies formed on nutrient 
agar plates 

S.No Colony morphology Bacteria identified 

1 
Small yellow colour mucoid 

colony 
Enterobacterioceae 

2 Small white mucoid colony Enterobacterioceae 

3 
Small cream coloured mucoid 

colony 
Enterobacterioceae 

4 Transparent subsurface colony Arthrobacter 

5 Slightly transparent colony Arthrobacter 

6 
Small white coloured irregular 

colony 
Pseudomonas 

7 Pinpoint cream coloured colony Enterobacterioceae 

8 
Yellow colour with dry cater 

colony 
Enterobacterioceae 
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The Pseudomonas sp. was identified based on the 
bacterial identification chart and in the Indian standard 
(IS: 13428 Annex D) which shown that the organism was 
Gram negative, rod shaped bacteria. Penicillin sensitivity 
was negative, cytochrom oxidase positive, oxidative 
metabolism in H&L medium (Table 2). 

Table 2: Identification of Pseudomonas sp as per bacteria 
identification chart       

S.No Test Result 

1 Gram staining Negative 

2 Morphology Rod 

3 Penicillin sensitivity Resistant 

4 Cytochrome oxidase test Positive 

5 
Reaction in H & L 

medium 
Non fermentative 

(oxidative) 

Table 3: Identification of Pseudomonas sp. As per Indian 
standard (IS: 13428 Annex D) 

S.No Test Result 

1 
Growth on Asparagines 

praline broth 
Turbidity and 

florescence under UV. 

2 
Growth on skim milk 

agar 

Greenish yellow Colour 
colony with cleaning 

around the growth and 
florescence 

3 
Cytochorome oxidase 

test 
Positive 

4 Catalase test Positive 

5 Gelatin liquefaction Positive 

The strain showed turbidity and florescence under UV 
light Asparagines praline broth and greenish yellow 
colony with clearing around the growth and florescence 
on skim milk agar under UV (Fig.1). Organism showed 
positive for catalase test and gelatin liquefaction. Gelatin 
tubes were liquid after freezing at 4˚C (Table 3). Based on 
the result isolates were identified as Pseudomonas sp. 

 

Figure 1: Pseudomonas on skim milk agar 

 

Figure 2: Cashew nut shell liquid UV spectrophotometer 

The biosurfactant production was carried out with the 
isolated Pseudomonas sp using Cashew nut shell liquid as 
carbon source (Fig. 2). The carbon source is a major 
parameter in production of biosurfactants. The carbon 
source generally used can be divided in to three 
categories: carbohydrates, hydrocarbons and vegetable 
oils. In this study the biosurfactants produced by the 
isolated Pseudomonas species was examined in the 
presence of 1% cashew nut shell liquid. For identifying the 
growth and biosurfactant production Growth OD 
(610nm), Emulsification activity, Emulsification power 
(E24), Rhamnolipid Quantification by Orcinol assay, Drop 
collapse method and Oil spreading test were performed. 
The influence of agitation and nitrogen sources for 
biosurfactant production were also monitored.  

The result shown that the isolated Pseudomonas spp 
utilized the CNSL and produced rhamnolipid type 
biosurfactant. While looking the media, CNSL was 
displaced in to the media as globules after incubation, 
there was no change observed in control, i.e. the added 
CNSL was floating on the MSM medium. 

 

Figure 3: Influence of agitation on the growth, rhamnose 
production 
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Figure 4: Growth of Pseudomonas spp. and rhamnose concentration in still condition

The Pseudomonas spp. produced rhamnolipid type 
biosurfactant in both still and shaking condition. The 
present result showed that the production range was 
higher in the case of shaking than still condition. In both 
cases the growth was increased up to ninth day of 
incubation period. The highest production of rhamnose in 

the shaking condition was (135mg/l) in the sixth day of 
incubation period (Fig. 3). In still condition the highest 
production was (98mg/l) was observed in the fourth day 
of incubation period (Fig.4). Rhamnolipid formation by 
Pseudomonas spp occurs under limiting concentrations of 
the late exponential and stationary phase of growth 

14
. 

Table 4: Influence of agitation on the emulsification index, oil spreading activity, Emulsification and Drop collapsing 
activity 

    

 

 

 

 

 

 

 

 

 

EA: Emulsification, DC: Drop collapsing activity, OSA: Oil spreading activity 

The emulsion layer was formed in both still and shaking 
condition, but the highest activity was shown in the case 
of the media kept under shaking condition. The 
emulsification index (E24) was calculated and tabulated 
(Table. 4). The result showed that the agitation has an 
influence in E24 activity. While comparing the still and 

shaking condition the highest activity was in shaking 
(50%) and (41.6%) in still condition. The drop collapsing 
activity was shown by the culture after 48 hrs of 
incubation both in still and shaking condition. The shaking 
condition had the highest oil displacement activity than 
still condition. 

 

Figure 5: Influence of ammonium sulphate on growth and rhamnose concentration 
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Growth and Rhamnose concentration in presence of ammonium sulphate
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Time 

days) 

Still Shaking 

Emulsification 
index(E24) 

OSA 

(diameter) 
EA* DC** 

Emulsification 
index(E24) 

OSA 

(diameter) 
EA DC 

1 - 0.5 _ _ - 0.3 _ _ 

2 - 0.9 _ _ - 0.5 _ _ 

3 33.3 3.4 _ _ 8.3 4.0 + + 

4 41.6 5.4 + + 33.3 4.6 + + 

6 33.3 3.2 + + 45.8 4.9 + + 

7 25 3.0 + + 50 5.2 + + 

8 33.3 3.1 + + 37.5 5.0 + + 

9 8.3 2.0 + + 20.8 4.3 + + 
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Figure 6: Influence of ammonium chloride on growth and rhamnose concentration 

 

Figure 7: Influence of ammonium nitrate on growth and rhamnose concentration 

 

Figure 8: Influence of sodium nitrate on growth and rhamnose concentration 

To evaluate the most appropriate nitrogen sources for the 
production of rhamnolipids by Pseudomonas spp the 
following nitrogen sources were used namely (NH4)2SO4, 
NH4NO3, NH4Cl and NaNO3. In this the ammonium nitrate 
containing media gave the highest productivity of 
rhamnose (181mg/l) noted in the fourth day of incubation 
period (Fig.7). The less production was noted in the MSM 

media with NH4Cl (79.50mg/l) in the fifth day of 
incubation period (Fig.7). In the case of NaNO3 the highest 
production (155.50 mg/l) was reached in the fifth day of 
incubation period (Fig.8) and in NH4SO4 (135mg/l) in the 
seventh day (Fig.5). The Pseudomonas spp. utilized the 
nitrogen in the form of ammonia and nitrates, but the 
highest production was in the case of nitrates 15. 
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Table 5: Influence of nitrogen sources on the Emulsification index (E24), Oil spreading activity, Emulsification and Drop 
collapsing activity 

Time 

(days) 

(NH4)2SO4 NH4NO3 NH4Cl NaNO3 

E24 OSA EA DC E24 OSA EA DC E24 OSA EA DC E24 OSA EA DC 

1 - 0.3 _ _ - 0.5 _ _ - 0.5 _ _ - 0.5 _ _ 

2 - 0.5 _ _ - 1.2 _ _ - 1.3 _ _ - 1.0 _ _ 

3 8.3 4.0 + + 20.8 2.4 + + 8.3 2.1 + + 8.3 2.2 + + 

4 33.3 4.6 + + 58.3 6.7 + + 20.8 3.8 + + 41.6 4.8 + + 

6 45.8 4.9 + + 54.16 6.1 + + 20.8 4.2 + + 54.16 6.3 + + 

7 50 5.2 + + 45.8 4.9 + + 20.8 3.4 + + 45.8 5.4 + + 

8 37.5 5.0 + + 50 5.3 + + - 1.8 + + 33.3 3.6 + + 

9 20.8 4.3 + + 20.8 2.6 + + - 0.8 - - 29.16 3.1 + + 

        E24-Emulsification index; OSA-Oil spreading activity; EA-Emulsification activity; DC-Dropcollapsing activity 
 

The emulsification activity was showed by the cultures 
after 48 hrs of incubation period. In the positive result 
emulsion layer was formed after vortexing the mixture 
with kerosene and distilled water. The NH4NO3 showed 

the highest activity of emulsion formation, the less 
activity was in the case of NH4Cl as nitrogen source 
(Table.5).

                  

                        Figure 9a: Emulsion layer               Figure 9b: Well cavity plate             Figure 9c: Oil displacement 

  C - Drop collapse control; P1&P2 – Pseudomonas; S - Surfactant                                              

The emulsification index (E24) was calculated and 
tabulated (Table 5). The result showed that the nitrogen 
sources have an influence in E24 activity. In the nitrogen 
sources the highest activity (58.3%) by NH4NO3. In the 
case of NH4CL (20.8%) and NaNO3 (54.16%), which in 
agreement with other studies reported in the literature16. 
In the nitrogen sources NH4NO3 showed the highest drop 
collapsing activity. The strain exhibiting emulsifying 
activity showed the positive result with drop collapsing 
test. The similar results shown in the reports   of 
Maneerat   and Phetrong (2007) and other research 
reports17, 18.   

The oil displacement showed by the culture supernatant 
that the oil was spreaded on to the sites of the Petri dish 
while adding the sample supernatant to the oil surface 
(Fig 9c). The oil displacement activity was varying 
according to the nitrogen sources, in that NH4NO3 showed 
the highest activity. The less activity was noted in the case 
of NH4Cl as nitrogen source.  The condition exhibiting 
positive result for emulsifying activity showed the oil 
displacement activity 19. 

Pseudomonas spp. was able to use CNSL as carbon source 
and nitrogen source such as ammonia or nitrate. However 
in order to obtain high concentration of rhamnolipids it is 
necessary to have restrained conditions of this 
macronutrients and the physical factors such as agitation. 
Our studies showed that agitation was good for the 
production of rhamnolipid and the nitrate is more 
effective nitrogen source in the production of 
rhamnolipid than ammonia. Those results were 
agreement with the studies reported in the literature

20
.   

CONCLUSION 

Cashew oil shell liquid can be used as substrate for 
production of specific metabolites and general bacterial 
growth.  Based on the experimental result, the isolated 
Pseudomonas species utilized the Cashew oil shell liquid 
as carbon source and produced the rhamnolipid 
biosurfactants.  Therefore, it is feasible to use relatively 
inexpensive and renewable sources for industrial 
production. 
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