
2156 
Journal of Applied Sciences Research, 7(13): 2156-2161, 2011 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLES  
 

Corresponding Author: Parveen Jamal, Bioenvironmental Engineering Research Unit (BERU), Department of 
Biotechnology Engineering, Faculty of Engineering, International Islamic University Malaysia, 
50728 Gombak, Kuala Lumpur, Malaysia. 

  Tel.: +60 3 61964558; Fax: +60 3 61964442.  
  E-mail: jparveen@iium.edu.my, jparveen3@yahoo.com  

 

Optimization of Process Conditions For Extraction of Biosurfactant  
 
Parveen Jamal, Md. Zahangir Alam, Umi Salmah Mohd Yusof, Wan Mohd Fazli Wan Nawawi 

 
Bioenvironmental Engineering Research Unit (BERU), Department of Biotechnology Engineering, Faculty of 
Engineering, International Islamic University Malaysia, 50728 Gombak, Kuala Lumpur, Malaysia.  

 
ABSTRACT 

 
 Biosurfactants are applied in many areas such as medical, food, industrial cleaning, bioremediation, 
personal care, and many more. However, its production involves high cost compared to synthetic surfactant, 
thus, the selection of raw material is critical in order to reduce the overall cost. In this study, waste raw material, 
palm oil sludge, has been used as a substrate. MTBE was selected as a potential solvent based on the value of 
surface tension, which was measured during screening process under controlled process conditions. In addition, 
optimization of the process conditions for solvent extraction was carried out with varied time, agitation and 
temperature using central composite design (CCD). The optimum conditions for extraction of biosurfactant are 4 
hour, 150 rpm and 27ºC. This study, in effect, provided suitable solvent and optimum process conditions during 
solvent extraction for enhanced biosurfactant production. 
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Introduction 

 
 Surfactants are surface active agent that are capable of reducing surface tension of a liquid solution while 
increasing its wetting and dispersing properties. Synthetic surfactant is being used to disperse contaminated oil, 
accelerate its mineralization, promote detergency and enhance the emulsification process. Unfortunately, these 
synthetic surfactants have low biodegradability and produce large amount of foam on the surface of water, 
blocking the sunlight and oxygen which subsequently pose a problem to the ecosystem.  
 For this reason, many researchers have tried to produce better surfactant that can overcome all such 
problems. Their research are based on findings on surfactants that are biodegradable, environment friendly, and 
can be produced at a minmum cost possible. This led them to produce biological based surfactant which can be 
produced via microorganisms’ fermentation. This type of biosurfactants include; lipopeptides which are 
synthesized by many bacilli and other species, glycolipids which are synthesized by Pseudomonas and Candida 
species, phospholipids from Thiobacillus thiooxidans, and polysaccaride-lipid complexes by Acinetobacter 
species (Abouseoud, M., 2008; Desai, J.D. and I.M. Banat, 1997). As compared to synthetic surfactants, 
biosurfactants have lower toxicity, high biodegradability, and are able to perform specific selectivity, stable at 
extreme temperature, pH and salinity (Fathiah, N., 2007). 
 Some researchers used domestic vegetable oils such as oleic acid-rich oils and rapeseed oil rather than 
complex media and hydrophobic carbon sources (Kuyukina, M.S., 2001), which gave the best results for 
biosurfactant yield but were relatively expensive.In  order to determine the low cost biosurfactant three basic 
strategies were adopted worldwide to make this process cost-competitive: (i) the use of cheaper and waste 
substrates to lower the initial raw material costs involved in the process; (ii) development of efficient 
bioprocesses, including optimization of the culture conditions and cost-effective separation processes for 
maximum biosurfactant production and recovery; and (iii) development and use of overproducing mutant or 
recombinant strains for enhanced biosurfactant yields. There are variety of cheap raw materials, including plant-
derived oils, oil wastes, starchy substances, lactic whey and distillery wastes which have been reported to 
support biosurfactant production. Several plant-derived oils, for example jatropha oil, mesua oil, castor oils, 
ramtil oil and jojoba oil, can be used for biosurfactant production as they are not suitable for human 
consumption due to their unfavorable odor, color and composition. Utilization of these industrial wastes as a 
substrate during microbial fermentation can potentially reduce the overall cost for biosurfactant production 
(Moussa, T.A.A., 2006).The world production of oils and fats is about 2.5–3 million tons, 75% of which is 
derived from plants. Most oils and fats are used in the food industry, which generates great quantities of wastes, 
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tallow, lard, marine oils or soap stick, and free fatty acids from the extraction of seed oils. Waste disposal is an 
ever growing problem which explains the increasing interest in use of waste in microbial transformation.  
 In this study, waste from palm oil industry, palm oil sludge, was utilized as a substrate during microbial 
fermentation for biosurfactant production. This is because sludge palm oil can be easily obtained from any of 
the palm oil factories in Malaysia and requires relatively less cost. 
 
Materials And Methods 
 
Microorganism and Raw Material: 
 
 The Pseudomonas aeruginosa involved in this study has been previously isolated from hydrocarbon 
contaminated site and cultured on nutrient agar for future usage (Makkar, R.S. and S.S. Cameotra, 2002). This 
isolated bacterium was found to be able to degrade hydrocarbon from the sample. The raw material (palm oil 
sludge) was collected from Oil Palm Industry, Dengkil, Malaysia. It was then stored in an oven at 60ºC to 
maintain the sludge in its liquid form. In this study, palm oil sludge was used as a substrate for liquid state 
fermentation throughout the experiments. 
 
Liquid Media: 
 
 The mineral salt media used for fermentation comprise of glucose (4%), meat extract (0.075%), FeSO4

 

(0.01%), sodium nitrate (0.04%), NaCl (0.01%), and palm oil sludge (2%) in 50ml working volume. The pH of 
the media was pre-adjusted at pH 9-10 before autoclaved at 121ºC and 101.3kPa for 15 minutes. The bacteria 
was added into the liquid media and fermented in shake flask based on the optimal process conditions of  
previous study at 34ºC and 250 rpm agitation. 
 
Surface Tension Measurement: 
 
 Tensiometer was used to measure the surface tension of standard surfactant solution. The cell suspension, 
centrifuged at 9000 rpm for 13 minute. Twenty milliliter of the cell-free supernatant was then transferred into a 
clean 50ml beaker and placed onto the tensiometer platform. A platinum wire ring was submerged into the 
solution and then slowly pulled through the liquid-air interface, to measure the surface tension (mN/m). 
 
Solvent Extraction: 
 
 Solvent extraction method is used for extracting the biosurfactant from the supernatant. The solvent layer 
was separated from aqueous phase, and solvent was removed by rotary evaporator at 50ºC under reduced 
pressure. The process conditions werefixed at temperature 27ºC, agitation 200 rpm and contacting time of 3 
hours. The amount and ratio of solvents that were tested for the screening are stated in Table 1. 
 
Table 1: Ratio of solvents for screening. 

Solvents Ratio 
Chloroform: Methanol 1:2
Chloroform: Methanol 2:1
Chloroform: Methanol 1:1
MTBE: Chloroform 1:2
MTBE: Chloroform 2:1
MTBE: Chloroform 1:1
MTBE 1:1

 
Design of Experiment and Optimization: 
 
 Central composite design (CCD) from Design-Expert software was selected to design the experiment for 
determination of the optimum process conditions for solvent extraction of biosurfactant. Response surface 
methodology is an empirical modeling technique which involves in the evaluation of the relationship of a set of 
controlled experimental factors and observed results. Three factors were involved during optimization: time 
(hour), agitation (rpm), and temperature (ºC) (Table 2). Meanwhile surface tension (mN/m) and amount of 
biosurfactant (g/l) was set as the responses.  
 
Table 2: Factors and level used during optimization. 

Factors 
Level

-1  0 1 
Agitation (rpm) 150 200 250
Temperature (ºC) 24 27 30
Time (hour) 2 3 4



2158 
J. Appl. Sci. Res., 7(13): 2156-2161, 2011 

 

 In order to analyze the result of optimization study, regression analysis conducted where multiple 
regression equations developed followed by analysis of the regression equations by statistical tools, analysis of 
variance (ANOVA). For a three variables, an empirical regression model equation is shown by Eq. (1): 
 
Y= βo + β1A + β2B + β3C + β11A

2 + β22B
2 + β33C

2 + β12AB + β13AC + β23BC              (1)   
 
 Where Y is the production of biosurfactant, predicted response and A, B, C is the coded values for time, 
agitation and temperature, meanwhile, βo, intercept; β1, β2, β3, linear coefficients; β11, β22, β33, squared 
coefficients; β12, β13, β23, interaction coefficients. 

 
Result And Discussions 
 
Selection of Solvent Extraction Method: 
 
 During solvent extraction study, two extraction conditions were applied, one  was carried by adding HCl to 
achieve a final pH of 2 and kept at 4ºC overnight (Table 3) and the other one without HCl (Table 4). Both 
extraction conditions were tested in order to investigate the effect of HCl towards assisting the precipitation of 
biosurfactant inside the fermented supernatant. Initial surface tension was recorded as 27-28 mN/m for every 
sample. 
 
Table 3: Two solvent system with HCl condition (270C, 200 rpm, 3 hour). 

Solvents Surface tension after solvent extraction (mN/m) 
CHCl3 : MeOH (1:2) 22.84 
CHCl3 : MeOH (2:1) 22.66 
CHCl3 : MeOH (1:1) 22.76 
MTBE : CHCl3 (1:2) 20.74 
MTBE : CHCl3 (2:1) 17.89 
MTBE : CHCl3 (1:1) 19.79 
MTBE 17.98 

   
Table 4: Two solvent system without HCl condition (270C, 200 rpm, 3 hour). 

Solvents Surface tension after solvent extraction (mN/m) 
CHCl3 : MeOH (1:2) 25.54 
CHCl3 : MeOH (2:1) 24.64 
CHCl3 : MeOH (1:1) 24.58 
MTBE : CHCl3 (1:2) 21.78 
MTBE : CHCl3 (2:1) 18.93 
MTBE : CHCl3 (1:1) 20.47 
MTBE 18.06 

 

 Among the two solvent systems, the combination of MTBE and chloroform showed lowest surface tension 
compared to methanol and chloroform combination. Meanwhile between three ratio of MTBE and chloroform, 
ratio (2:1) showed the lowest surface tension. However, chloroform is a highly toxic chloro-organic compound 
and regarded as harmful for the environment and for human health, in contrast with MTBE that have lower 
toxicity and it can be easily biodegraded (Mukherjee, S., 2006).   
 Since ratio (2:1) of MTBE and chloroform showed the lowest surface tension, it showed that MTBE has the 
potential to extract more biosurfactant seeing as it can reduce more surface tension. Due to that, one solvent 
system which used only MTBE was tested and the result indicate more reduction in surface tension. Therefore 
MTBE have been selected as the suitable solvent to extract biosurfactant. 
 The difference between resulted surface tension varies slightly for extraction condition with and without 
HCl condition. Therefore in order to reduce the cost of operation condition without HCl has been chosen. 
 
Optimization Study for Process Parameters: 
 
 In optimization study under the central composite response surface methodology, the design was comprised 
of total 16 run of experiment including 2 center points. In this design two responses were considered, surface 
tension (mN/m) and amount of biosurfactant (g/l). The overall result is shown in Table 5. Amount of 
biosurfactant are taken as primary response for further analysis due to slight differences of surface tension in 
each run of the experiments. 
 The experimental data were fitted to cubic model regression equation containing 3 linear, 3 quadratic and 7 
interaction terms using the same experimental design software (Eq. 2): 
Y = 10.88 – 0.39A – 0.28B + 0.28C – 0.65A2 – 0.85B2 – 0.50C2 – 0.074AB 
      + 5.625 x 10-3AC + 0.066 BC – 1.22A2B – 0.54A2C + 0.43AB2 + 0.13ABC      (2) 
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 Table 5: Results for the optimization of process conditions. 
Run Time Agitation Temperature Surface Tension (mN/m) Amount of Biosurfactant (g/l) 

 (hour) (rpm) (ºC) Actual Predicted Actual Predicted 
    Value Value Value Value 
1 2 200 27 18.7 18.71 10.57 10.62 
2 2 250 24 18.51 18.49 7.76 7.75 
3 2 150 30 18.71 18.66 10.07 7.41 
4 2 250 30 18.62 18.64 7.11 7.097 
5 4 250 24 18.48 18.51 7.42 7.41 
6 3 200 27 18.54 18.54 11.04 10.88 
7 4 250 30 18.56 18.51 7.30 7.29 
8 4 200 27 18.48 18.49 9.78 9.83 
9 3 250 27 18.63 18.64 9.70 9.75 
10 4 150 24 18.61 18.59 10.94 10.93 
11 4 150 30 18.51 18.53 10.01 10.04 
12 3 200 27 18.58 18.54 10.91 10.88 
13 3 200 24 18.47 18.45 10.05 10.10 
14 2 150 24 18.54 18.57 10.48 10.46 
15 3 200 30 18.45 18.50 10.80 10.66 
16 3 150 27 18.49 18.50 10.26 10.66 

 

 Where Y is the predicted response for biosurfactant production and A, B, C is the coded values for time, 
agitation and temperature. 
 The analysis of variance (ANOVA) of the regression model demonstrates that the model is highly 
significant (Table 6). The value of the determination coefficient (R2 = 0.9340) is a measure of goodness of fit for 
the model and indicates that only 6.6% of  the total variants which cannot explained by the model. The 
coefficient of variation (CV) indicates the degree of precission: the higher the value of CV, the lower is the 
reliability of the expriment. The CV value of this design is 4.95% which indicate a greater reliability of the 
experiment performed. P-value (Prob>F) less than 0.05 is used to indicate the significance of each term. 
 
Table 6: Analysis of variance (ANOVA) for CCD model. 

 Sum of Degree Mean F  
Source Squares of Freedom Square Value Prob > F 
Model 57.91 13 4.45 19.60 < 0.0001* 
A 0.62 1 0.62 2.71 0.117 
B 0.31 1 0.31 1.36 0.2596 
C 0.31 1 0.31 1.38 0.2555 
A2 2.25 1 2.25 9.88 0.0056* 
B2 3.79 1 3.79 16.67 0.0007* 
C2 1.29 1 1.29 5.69 0.0283* 
AB 0.089 1 0.089 0.39 0.5405 
AC 0.000506 1 0.000506 0.002227 0.9629 
BC 0.069 1 0.069 0.30 0.5887 
A2B 4.73 1 4.73 20.80 0.0002* 
A2C 0.93 1 0.93 4.08 0.0586 
AB2 0.6 1 0.60 2.63 0.1225 
ABC 0.26 1 0.26 1.13 0.3012 
Lack of Fit 0.075 1 0.075 0.32 0.5811 

*P value < 0.05 indicate the model term is significant 

 
 The analysis was also carried out by observing the 3D response surface and contour graph. The interactions 
between time, agitation and temperature are quite prominent from the elliptical nature of the contour plots. The 
present of circle or elliptical suggest the optimum range of the process variables. 
 Interaction between agitation and temperature shown in Fig. 1 nearly formed a perfect elliptical. However, 
the smallest eclipse still has wide range which indicates many optimal solutions that can be found inside. The 
optimal temperature lies between 250C to 290C whereas the optimal agitation rate lies between 170 rpm and 210 
rpm. In order to get clear vicinity of the optimum solution, the range of parameter should be reduced. Same goes 
to the interaction between time and temperature shown in Fig. 2 where nearly an elliptical formed. However, 
both ranges should be reduced in order to hunt for specific optimal solution. In contrast, there was no clear 
pattern for interaction between agitation and time. 
 There are few solutions provided by the model for the optimum process condition of extraction to produce 
high amount of biosurfactant. Among solutions, 3 solutions were taken to validate the accuracy and precision of 
the optimization model (Table 7 and Table 8). 
 Experimentally, the results showed that Run 1 had the lowest percentage error in surface tension and 
concentration that is 0.59% and 34.6% respectively. The lowest percentage error in term of surface tension and 
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amount of biosurfactant were found for run 1 under the condition of 4 hour, 150 rpm and 27 ºC. These 
conditions were chosen as the optimized condition for extraction of biosurfactant. 

 

Fig. 1: 3-D response surface and contour plot: interaction between agitation and temperature. 

 
Fig. 2: 3-D response surface and contour plot: interaction between time and temperature. 
 
Table 7: Results of validation. 

Run Time 
(hour) 

Agitation 
(rpm) 

Temperature 
(ºC) 

Surface Tension (mN/m) Amount of biosurfactant (g/l) 

    Predicted value Observed 
value 

Predicted 
value 

Observed 
value 

1 4.00 150 27 18. 45 18.56 10.99 16.81 
2 3.14 200 30 18.49 18.66 10.22 16.25 
3 3.07 200 24 18.45 18.67 10.59 16.88 

 
Table 8: Percentage error of validation result. 

Run Percentage Error (%) 
Surface Tension  Amount of biosurfactant  

1 0.59 34.60 
2 0.91 34.80 
3 1.18 39.00 

 

Conclusion: 
 
 In conclusion the objective of the study has been acomplished because the suitable solvents for extraction 
was selected which is MTBE. The selection, based on the lowest surface tension, obtained in addition of 
properties of MTBE which is less toxic and biodegradable.  Another objective of this study was to optimize the 
process condition for extraction of biosurfactant which is done using response surface methodology under center 
composite design (CCD). The analysis of variance (ANOVA) of the regression model demonstrates that the 
model is highly significant. Since the model is significant the value of optimization can be used as the optimum 
condition for extraction. The optimum condition is 4 hour, 150 rpm and temperature 27ºC. The resulted surface 
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tension and amount of biosurfactant were 18.45 mN/m and 10.99 g/l respectively. It demonstrates that the opter 
objective has also be achieved. 
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