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ABSTRACT 

Sophorolipids (SLs) are glycolipids type of biosurfactants and are produced by few of the non-
pathogenic yeast species like Starmerella bombicola. In the present work, statistical experimental 
methodology was used to optimize the fermentative production of SLs from Starmerella Bombicola 
NRRL Y-17069 at the shake flask scale. The Placket–Burman screening experiments was applied to 
evaluate the significant variables that influence the production of Sophorolipids. It was found that 
pH, concentration of Yeast extract and the Concentration of Oleic acid are the most influential 
variables that affected the production of Sophorolipids. The optimum levels of these three variables 
were achieved by using a Box-Behnken design of the response surface methodology (RSM). The 
predicted maximal sophorolipid production of 18.32 g/L appeared at pH 3, and when the 
concentrations of yeast extract and oleic acid were 5 g/L, and 20 g/L, respectively. Under the 
proposed optimized conditions, the sophorolipid production reached 18.2 g/L. The correlation 
between predicted value and measured value of these experiments proved the validity of the 
response model. 

 

KEYWORDS: Fermentation, Sophorolipids, Biosurfactants, Starmerella bombicola, Response surface 

methodology (RSM). 

 
 
INTRODUCTION 

Biosurfactants made by fermentation 

from renewable resources provide 

“environmental friendly” processes and 

products. Sophorolipids are surface-active 

glyco-lipid compounds synthesized by few of 

the non-pathogenic yeast species like Candida 

bombicola (Starmerella bombicola)1,2, 

Wickerhamiella domericqiae3, Rhodotorula 

bogoriensis 4 etc. Apart from their surface 

active properties, Sophorolipids are also found 

to possess antimicrobial, anticancer and, 

spermicidal activity [5]. Further they are also a 

source of difficult-to synthesize ω and ω-1 

hydroxy fatty acids, which find application in 

the perfume and fragrance industry 5. Plackett-

Burman and Box-Behnken designs are among 

the most widely used statistical techniques for 

optimization of biological processes. The 

Plackett-Burman experimental design is a two-

level factorial design, which identifies the 
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critical physicochemical parameters by 

screening N variables in N+1 experiments 6, but 

it does not consider the interaction effect 

among the variables. The variables that are 

found significant in this initial screening can be 

further optimized using response surface 

methodology (RSM). Response surface 

methodology (RSM) has been used extensively 

in media optimization. RSM is a collection of 

statistical techniques that uses design of 

experiments (DoE) for building models, 

evaluating the effects of factors and predicting 

optimum conditions 7-10. 

          To the best of our knowledge, there are 

no reports on the application of statistical 

methods for the optimization of sophorolipid 

production in submerged fermentation at 

shake flask scale. Here, we have made an 

attempt to optimize production of sophorolipid 

by using Starmerella bombicola through a two 

stage optimization process. In stage one the 

“Placket–Burman” screening experiments were 

applied to evaluate the significant variables 

that influence the production of sophorolipids. 

In stage two “Box-Behnken design” of response 

surface methodology (RSM) was used to 

evaluate the effects of factors and predicting 

optimum conditions. 

MATERIALS AND METHODS: 

Microorganism 

           The yeast Starmerella bombicola NRRL Y-

17069, capable of producing large amounts of 

sophorolipids was obtained from ARS Culture 

Collection, USA. The organism was maintained 

at 4 °C on Potato Dextrose Agar (PDA) slants 

and was sub-cultured monthly. 

Medium composition and culture conditions 

        The basal medium used for sophorolipid 

production contained Glucose 100 g/L, Oleic 

acid 100 g/L, yeast extract 10 g/L and urea 1 

g/L. The 250-ml Erlenmeyer flasks containing 

50 ml of the medium were inoculated with 2 

ml of 48 hour grown inoculum and were 

incubated in a rotary shaker for 10 days at 30 

°C and 180 rpm. 

Preparation of the pre-culture and inoculum 

       The pre-culture medium contained 100 g/L 

of glucose, 10 g/L of yeast extract and 1 g/L of 

urea. The 250-ml Erlenmeyer flasks containing 

50 ml of the medium were inoculated with 2 

ml of organism (prepared by adding 10 ml of 

saline to PDA slant culture) and were 

incubated in a rotary shaker for 48 hr at 30 °C 

and 180 rpm to produce the inoculum. 

Preparation and inoculation of the production 

media 

      Production media with different media 

composition were made as stated in Table 1 

and Table 2 for screening of the significant 

variables and optimization of significant 

variables respectively. Required pH was 

adjusted using 0.1M citrate buffer. Two ml of 

the Inoculum was added to the 50ml of the 

production media and were incubated in a 

rotary shaker at 30ºC and 180 rpm. Oleic acid 

was autoclaved separately and was added 

aseptically after 48th hour of inoculation of the 

production medium and fermentation was 

allowed to take place further for a total period 

of 240 h. 

Optimization of sophorolipid production 
       The optimization of physicochemical 
factors for Sophorolipid production was carried 
out in two stages. 
Stage 1: Screening of physicochemical factors 

using plackett-burman design 

Plackett-Burman experimental design 

consisting of a set of 8 experiments was used 

to determine the relative significance of 7 
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factors that influenced sophorolipid production 

by S.bombicola in submerged fermentation at 

shake flask scale. The complete experimental 

design is shown in Table 1. The software 

Design of Experiments (DOE++, Trial Version 

1.0.6, ReliaSoft Corporation, USA) was used for 

experimental design. The factors or 

independent variables considered for study 

included one physical factor (pH), and six 

nutritional factors (concentrations in g/L of 

glucose, yeast extract, urea, FeSO4, Oleic acid 

and NaCl). All variables were numerical factors 

and were investigated at two widely spaced 

levels designated as –1 (low level) and +1 (high 

level). All trials were performed in triplicate 

and the average of the sophorolipid yield and 

yield coefficient (defined as grams of 

sophorolipid produced per 100 g of the carbon 

source) were used as responses R1 and R2 

respectively. 

The main effects for each of these factors were 

defined and calculated by Eq. 1. 

EI=(R*+)I-(R*-)I … (Eq. 1)                                                                                                                                                                                                            

Where EI is the effect of the Ith factor on the 

response and (R*+) I and (R*-) I are the average 

response values at the high (+) and low (-) 

levels of the factor 11, 12. 

Stage 2: Optimization of significant variables 
using box-behnken design 
               Response surface methodology using 
Box-Behnken design was used to determine 
the optimum levels of the significant variables 
(pH, Yeast extract, Oleic acid) and the effects of 
their mutual interactions on sophorolipid 
production. A total of 15 experiments were 

carried out. Each independent variable was 
studied at three different levels (low, medium 
and high, coded as –1, 0 and +1, respectively). 
The center point of the design was replicated 
three times for the estimation of error. The 
experimental design used for the study is 
shown in Table 2.  The software Design-Expert 
(Trial Version 8.0.1.0, Stat-Ease, Inc,USA) was 
used for experimental design, and data 
analysis. A multiple regression analysis of the 
data was carried out to define the response in 
terms of the independent variables. The 
response surface graphs were obtained to 
understand the effect of variables individually 
and in combination, and to determine their 
optimum levels for maximum sophorolipid 
production. All trials were performed in 
triplicate and the average of the sophorolipid 
yield and yield coefficient were used as 
responses R1 and R2 respectively. 
Isolation of sophorolipids 

                Spent cultures medium was 

centrifuged at 5000×g for 10 min. The 

sediment containing mixture of cell mass and 

the produced sophorolipids was extracted with 

50 ml of ethyl acetate in a 250 ml Erlenmeyer’s 

flask and by shaking in a rotary shaker at 180 

rpm for 30 min. The extract was again 

centrifuged at 1500×g for 2 min for separating 

the cell mass and the extract. The solvent was 

removed from the extract by rotary 

evaporation. The Amber colored, honey like 

semi-crystalline product (sophorolipids) was 

washed twice with 15ml of n-Hexane to 

remove the unused oleic acid, and was stored 

at 4ºC. 
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Table 1 : Plackett – Burman experimental design 

Trial Factors R1* R2* 

 Glucose Yeast  
extract 

Urea pH Oleic 
acid 

FeSO4 NaCl   

1 1 1 1 -1 1 -1 -1 6.84 3.42 

2 -1 1 1 1 -1 1 -1 3.58 4.45 

3 -1 -1 1 1 1 -1 1 0.5 0.36 

4 1 -1 -1 1 1 1 -1 0.8 0.4 

5 -1 1 -1 -1 1 1 1 5.8 4.14 

6 1 -1 1 -1 -1 1 1 4.36 3.11 

7 1 1 -1 1 -1 -1 1 3.56 2.54 

8 -1 -1 -1 -1 -1 -1 -1 2.7 3.375 

Factors Low level (-1) High level (+1) 

Glucose 40 g/L 100 g/L 

Yeast extract 1 g/L 10 g/L 

Urea 0 g/L 1 g/L 

pH 4 6 

Oleic acid 40 g/L 100 g/L 

FeSO4 0 g/L 0.2 g/L 

NaCl 0 g/L 0.2 g/L 

 

+1: high level; –1: low level; 

R1 (Response1): sophorolipid yield (g/L); 

R2 (Response2): Yield coefficient [Grams of sophorolipids per 100 grams of carbon source (glucose + 

oleic acid)] 

* Values indicate mean of triplicate observations. 
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Table 2 : Box-Behnken design matrix with experimental and predicted values of production of 

sophorolipids by S. bombicola 

    Factors (coded values)a R1 R2 

Trial pH Yeast 

extract 

Oleic 

acid 

Experimental* Predicted Experimental* Predicted 

1 -1 -1 0 21.32 20.19 26.65 25.61 

2 +1 -1 0 1.53 1.91 1.91 2.44 

3 -1 +1 0 16.24 15.85 20.3 19.76 

4 +1 +1 0 6.72 7.84 8.4 9.43 

5 -1 0 -1 15.14 15.23 25.23 25.30 

6 +1 0 -1 4.51 3.09 7.51 6.01 

7 -1 0 +1 15.43 16.84 15.43 16.92 

8 +1 0 +1 2.77 2.67 2.77 2.69 

9 0 -1 -1 10.24 11.29 17.06 18.01 

10 0 +1 -1 8.82 9.11 14.7 15.16 

11 0 -1 +1 9.2 8.91 9.2 8.74 

12 0 +1 +1 13.69 12.66 13.69 12.73 

13 0 0 0 14.59 13.59 18.23 16.98 

14 0 0 0 12.56 13.59 15.7 16.98 

15 0 0 0 13.63 13.59 17.03 16.98 

 
 

+1: high level; –1: low level; 0: medium level; 
R1 (Response1): sophorolipid yield (g/L); 
R2 (Response2): Yield coefficient (Grams of sophorolipids per 100 grams of carbon source) 
* Values indicate mean of triplicate observations. 
a Real values (in sequence of -1, 0, +1) pH 3,4,5 ;  yeast extract 5, 10,15 g/L, oleic acid 20, 40,60 g/L. 
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Table 3 Statistical calculations for Plackett–Burman design 

Factor (variable) Esophorolipid 

yield 

EYield 

coefficient 

Glucose (g/L) 0.373 -0.357 

Yeast extract (g/L) 1.32 1.018 

Urea (g/L) 0.303 0.111 

pH -1.41 -0.787 

Oleic acid (g/L) 0.123 -0.644 

FesO4 (g/L) 0.118 0.301 

NaCl (g/L) 0.038 -0.187 

 
RESULTS: 
Screening of parameters using plackett-
burman design 

S. bombicola produced 3.2g of 
sophorolipids per 100g of oleic acid in the basal 
medium.  The Plackett-Burman experimental 
design used for the screening of 
physicochemical factors influencing 
sophorolipid production by S. bombicola along 
with the corresponding experimental values of 
response were shown in Table 1 and Table 3 
shows the “E” value for each variable 
(indicative of its effect). The magnitude of the 
“E” value of the tested variable is indicative of 
its effect or its significance in altering the 
response, while the positive and the negative 
sign of the “E” value of a tested variable 
indicates its positive and negative influence on 
the responses respectively.  Thus, the variables 
pH (having  Esophorolipid yield of  -1.41  and EYield 

coefficient of  -0.787)  and Yeast extract 
concentration (having Esophorolipid yield of +1.32  
and EYield coefficient of +1.018) are the most 
significant variables since they have the highest 
“E” values for both the responses, indicating 
their strong influence on both overall 
sophorolipid yield and yield coefficient. Oleic 
acid concentration having Esophorolipid yield of + 
0.123 and EYield coefficient of -0.644 indicates that 
it does not contribute any significant influence 
on the sophorolipid yield; however it strongly 

influences the yield coefficient. All the other 
variables have comparatively lower “E” value 
(Table 3.) indicating their comparatively 
insignificant influence on both sophorolipid 
yield and yield coefficient, and thus their 
concentrations were kept constant at their 
coded value of -1. (Glucose at 40 g/L, Urea, 
FeSO4 and Nacl at 0 g/L) in the subsequent 
experiments of optimization by RSM technique, 
while the concentration of yeast extract, pH 
and concentration of the oleic acid were 
considered for further optimization by RSM 
technique. 
Optimization of significant variables using 
box-behnken design 

The Box-Behnken design along with the 
corresponding experimental and predicted 
values of the sophorolipids yield is given in 
Table 2. The data were analyzed by multiple 
regression analysis using the Design-Expert 
software and after the regression analysis, 
following response models were obtained. 
 
Sophorolipid yield = +13.59 -6.57(pH) +0.40(A) 
+0.30(B) +2.57(pH) (A)  -0.51(pH)(B) +1.48(A)(B)  
-1.58(pH)2  - 0.56(A)2  -2.55(B)2   …(Eq 2.) 
 
Yield Coefficient = +16.99 -8.38(pH) +0.28(A) -
2.93(B) +3.2(pH) (A) +1.27(pH)(B) +1.71(A)(B)  -
1.80( pH)2 -0.87(A)2  -2.45(B)2   … (Eq 3.) 
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Where: 
A: Concentration of yeast extract (g/L). 
B: Concentration of oleic acid (g/L) 
 

The ANOVA of the quadratic regression 
model for the sophorolipid yield indicated that 
the model was highly significant, as the F-value 
for the model was 20.65. The Prob>F value of 
the model was 19×10-4 which indicates that 
there was only 0.19 % chance that the 'model 
F-value' this large could occur due to noise, 
which also confirmed that the model was 
highly significant. The estimated coefficient 
and the corresponding Prob>F values (Table 
4a.) suggested that among the independent 
variables pH, multiple terms of pH and yeast 
extract and squared term of oleic acid had a 
significant effect on yield of sophorolipid. The 
model fitting values, which indicate model 
adequacy, are given in Table 5. The coefficient 
of variation (C.V. %), indicative of the degree of 
precision with which the treatments are 
compared, had a lower value (13.48 %), 
showing greater reliability. Also, the multiple 
regression coefficient (R2) had a value of 0.974, 
indicating that the model could explain up to 
97.4% of the variability of the response. The 
value of R2 (0.974) also indicates good 
agreement between the experimental and 
predicted values of response. The signal to 
noise ratio (adequate precision) for the model 
was higher than 4 (14.981), indicating a good 
fit. 
Similarly, the ANOVA of the quadratic 
regression model for the yield coefficient 
indicated that the model was highly significant, 
as the F-value for the model was 31.84. The 
Prob>F value of the model was 7×10-4, which 
indicates that there was only 0.07 % chance 
that the 'model F-value' this large could occur 
due to noise, which also confirmed that the 
model was highly significant. The estimated 
coefficient and the corresponding Prob>F 
values (Table 4b.) suggested that among the 
independent variables pH, Oleic acid, multiple 

terms of pH and yeast extract and squared 
term of oleic acid had a significant effect on the 
yield coefficient.  The model fitting values, 
which indicate model adequacy, are given in 
Table 5. The coefficient of variation (CV), 
indicative of the degree of precision with which 
the treatments are compared, had a lower 
value (11.14 %), showing greater reliability. 
Also, the multiple regression coefficient (R2) 
had a value of 0.983, indicating that the model 
could explain up to 98.3 % of the variability of 
the response. The value of R2 (0.983) also 
indicates a good agreement between the 
experimental and predicted values of response. 
The signal to noise ratio (adequate precision) 
for the model was higher than 4 (17.869), 
indicating a good fit. 
 

The effect of the interaction of various 
physicochemical parameters on the 
sophorolipid production by S. bombicola was 
investigated by plotting the response surface 
curves against any two independent variables 
while keeping the third independent variable at 
the center (coded value of 0) level. Thus, three 
response surfaces for each response were 
obtained by considering all the possible 
combinations. The interactive roles of pH, 
Concentration of yeast extract and 
concentration of oleic acid on sophorolipid 
yield are illustrated in Fig. 1 and interactive 
roles of pH, Concentration of yeast extract and 
concentration of oleic acid on yield coefficient 
are illustrated in Fig. 2.  It is observed that the 
response surface curves for both sophorolipid 
yield as well as yield coefficient are identical 
except for the response surface of pH with 
oleic acid (Fig. 1b and Fig. 2b). It can be 
observed that the sophorolipid yield increases 
with decrease in the pH, at any given 
concentration of oleic acid, and at the lower pH 
there is a slight increase in the sophorolipid 
yield with an increase in the concentration of 
oleic acid (Fig. 1b). On other hand the yield 
coefficient also increases with decrease in the 
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pH, at any given concentration of oleic acid, 
however at the lower pH there is a slight 
decrease in the yield coefficient with an 
increase in the concentration of oleic acid (Fig. 
2b).  An increase in both sophorolipid yield as 
well as yield coefficient was observed when the 
pH was decreased together with a decrease in 
the concentration of yeast extract (Fig. 1a and 
Fig. 2a). The response surfaces in Fig. 1c and 
Fig. 2c shows the interactive effects of 
concentration of yeast extract and oleic acid on 
sophorolipid yield and the yield coefficient 
respectively. 
Based on the above results, the software was 
also used to predict the optimum values of the 

three significant variables to optimize both 
sophorolipid yield as well its yield coefficient. It 
was found that the predicted optimum values 
of all the three variables were at the coded 
level of -1 (pH at 3, Concentration of yeast 
extract at 5 g/L and Concentration of the oleic 
acid at 20g/L) and the experimental values of 
the sophorolipid yield (18.20 g/L equivalent to 
a yield coefficient of 30.33) were only 
marginally lower than the predicted yield 
(18.32 g/L equivalent to a yield coefficient of 
30.53) at the predicted optimum conditions. 
 

 

Table 4a : Analysis of variance(ANOVA) of the response surface quadratic model for the 

sophorolipid yield 

Source Sum of 

Squares 

df Mean 

Square 

F Value p-value (Prob > 

F) 

 

Model 415.320 9 46.146 20.651 19×10-4 significant 

A-pH 345.845 1 345.845 154.774 < 1×10-4  

B-Yeast 

extract 

1.264 1 1.264 0.565 0.485  

C-Oleic acid 0.708 1 0.708 0.316 0.598  

AB 26.368 1 26.368 11.800 0.018  

AC 1.030 1 1.030 0.461 0.527  

BC 8.732 1 8.732 3.907 0.105  

A2 9.251 1 9.251 4.140 0.097  

B2 1.150 1 1.150 0.514 0.505  

C2 23.970 1 23.970 10.727 0.022  

Residual 11.172 5 2.234    

Lack of Fit 9.110 3 3.036 2.944 0.263 not significant 

Pure Error 2.062 2 1.031    
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Table 4b: Analysis of variance (ANOVA) of the quadratic regression model for the yield 

Coefficient 

Source Sum of 

Squares 

df Mean 

Square 

F Value p-value (Prob > 

F) 

 

Model 723.001 9 80.333 31.839 7×10-4 significant 

A-pH 561.460 1 561.460 222.530 < 1×10-4  

B-Yeast 

extract 

0.644 1 0.644 0.255 0.635  

C-Oleic acid 68.503 1 68.503 27.150 0.003  

AB 41.216 1 41.216 16.335 0.010  

AC 6.400 1 6.400 2.537 0.172  

BC 11.730 1 11.730 4.649 0.084  

A2 11.957 1 11.957 4.740 0.081  

B2 2.808 1 2.808 1.113 0.340  

C2 22.201 1 22.201 8.8 0.031  

Residual 12.615 5 2.523    

Lack of Fit 9.412 3 3.137 1.958 0.356 not significant 

Pure Error 3.203 2 1.601    

 

Table 5 Model fitting values 

No Model terms Model fitting values 

  Sophorolipid yield Yield Coefficient 

1 Coefficient of the variation 13.480 11.140 

2 Multiple regression coefficient (R2) 0.974 0.983 

3 Adjusted R2 0.926 0.952 

4 The signal to noise ratio (adequate precision) 14.981 17.869 
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Figure 1 

 

 

Fig. 1 Three-dimensional response surface plots for sophorolipid yield (g/L) 

(a) pH and yeast extract, (b) pH and oleic acid, (c) yeast extract and oleic acid 

 

 

 

 



            Available Online through 

          www.ijpbs.com                                                             IJPBS |Volume 1| Issue 3 |JULY-SEPT |2011|103-116   

  
International Journal of Pharmacy and Biological Sciences (ISSN: 2230-7605) 

Aniruddha B. Pandit* et al                                                                                 Int J Pharm Bio Sci 
www.ijpbs.com 

 

P
ag

e1
1

3
 

Figure 2 

 

 

Fig. 2 Three-dimensional response surface plots for yield coefficient 

(a)pH and yeast extract, (b) pH and oleic acid, (c) yeast extract and oleic acid 
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DISCUSSION: 
Concentration of sophorolipid obtained in the 
basal medium was 3.2 g/L, and the 
corresponding yield coefficient was 1.6.  After 
the placket-burman screening experiments, 
and optimization by RSM experiments, the 
maximum concentration of sophorolipid 
obtained was 18.2 g/L, with a yield coefficient 
of 30.33. Thus 5.68 fold increases in the 
sophorolipid yield, and 18.95 fold increases in 
the yield coefficient (grams of sophorolipids 
per 100 grams of carbon substrate) was 
observed. However, the sophorolipid yields 
obtained during this study were much lower 
than the highest reported yields in the 
literature 13,14.  Rau et al 14 have reported high 
yields > 300 g/L using a total of 440 g/L of 
carbon source (rapeseed oil 140 g/ L and 
glucose 300 g/L), which corresponds to a yield 
coefficient of 68. Similarly Daniel et al [13] has 
reported high sophorolipid yield of 422 g/L 
using a total of 600 g/L of substrate 
(Deprotinised whey concentrate having 200 g/L 
of deprotinised whey and 400 g/L of rapeseed 
oil), which corresponds to a yield coefficient of 
70.33. However it should be noted that, both 
Daniel et al13 and Rau et al 14  had not only 
used very high substrate concentration, but 
had also used larger scale bio reactors, where 
the feeding pattern of substrate, pH, aeration 
and various other parameters were controlled 
and maintained at the desired levels. Further, it 
should be noted that the cultivation process 
reported by the Daniel et al 13 involves a total 
of two steps. In the first step, deproteinised 
whey concentrate (DWC) was used for 
cultivation of the yeast Cryptococcus curvatus, 
which lead to the breakdown of lactose and 
production of single cell oil. Second step 
involved disruption of the cells by passing the 
cell suspension directly through a high pressure 
laboratory homogeniser. And after autoclaving, 
the resulting crude cell extract containing the  
 

 
single-cell oil was served as a substrate for 
growth of Candida bombicola ATCC 22214, 
where the production of sophorolipids 
occurred with consumption of single-cell oil 
and repeated feeding of 400 g rapeseed oil. 
There are no reports on the maximum 
sophorolipid yield or yield coefficient that can 
be obtained using simple substrates like 
glucose and oleic acid at a scale of shake flask. 
The highest yield of sophorolipis, with the use 
of glucose and oleic acid as carbon sources is 
reported by Solaiman DKY et al 15 is of 79g/L, 
with step wise feeding of a total of 60 g/L of 
oleic acid, and 175 g/L of glucose, thus 
corresponding to a yield coefficient of 33.61 in 
a 12L capacity bench top fermentor equipped 
with pH, and aeration control. Thus, compared 
to the above results, even though the 
maximum sophorolipid yield obtained in our 
study (18.2 g/L) is four times lower than the 
maximum reported yield (79 g/L), but the yield 
coefficient obtained in this study (30.33) is 
comparable (even though our study was 
carried out at a shake flask scale, where it was 
not possible to maintain pH, substrate 
concentration and aeration at desired level) to 
the maximum reported yield coefficient 
(33.61), with the use of glucose and oleic acid 
as substrate. 
 
CONCLUSION: 
There is a growing acceptance for the use of 
statistical experimental designs in 
biotechnology. The application of statistical 
design for screening and optimization of 
process parameters allows quick identification 
of important factors and interactions between 
them. In the present study, Box-Behnken 
design was useful in studying the 
physicochemical factors that influenced 
production of sophorolipids by S. bombicola 
under submerged fermentation at shake flask 
scale. Similarly, statistical experimental designs 
can also be applied to optimize the 
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fermentation parameters at a larger scale. i.e. 
at lab scale, pilot scale or industrial scale 
fermentors, where the feeding pattern and the 
parameters such as pH, aeration and substrate 
concentrations etc can be controlled and 
maintained at their optimum levels to obtain 
not only higher Sophorolipid yields but also to 
maximize yield coefficients.  Scaling up of these 
optimized operating parameters with the use 
of a lab-scale fermentor is under progress. 
 
ACKNOWLEDGEMENTS:  
 
We would like to acknowledge ARS culture 
collection, USA for providing the yeast 
Starmerella bombicola NRRL Y-17069 as a free 
gift sample and University Grant  Commission 
(UGC), India for the financial support. 
 

REFERENCES 

 1. Felse PA, Shah V, Chan J, Rao KJ, Gross RA., 
Sophorolipid biosynthesis by Candida 
bombicola from industrial fatty acid 
residues. Enzyme Microb Technol, 40: 316-
323, (2007)  

2. Perkin G, Sukan FV, Kosaric N., Production of 
sophorolipids from Candida bombicola 
ATCC 22214 using turkish  corn oil and 
honey. Eng Life sci, 5(4): 357-362, (2005) 

3. Jing C, Xin S, Hui Z, Yinbo QU., Production, 
structure elucidation and anticancer 
properties of sophorolipid from 
Wickerhamiella domercqiae. Enzyme 
Microb Technol, 39: 501–506, (2006) 

4. Nunez A, Ashby R, Foglia TA, Solaiman DKY., 
LC/MS analysis and lipase modification of 
the sophorolipids produced by Rhodotorula 
bogoriensis. Biotechnol  Lett, 26: 1087–
1093, (2004) 

5. Inge NA, Bogaert V, Saerens K, Muynck C, 
Develter D, Soetaert W, Vandamme EJ., 

Microbial production and application of 
sophorolipids.  Appl Microbiol  Biotechnol, 
76: 23-34, (2007) 

6. Anisha GC, Sukumaran RK, Prema P., 
Statistical Optimization of a-Galactosidase 
Production in Submerged Fermentation by 
Streptomyces griseoloalbus Using Response 
Surface Methodology. Food Technol 
Biotechnol, 46(2): 171–177, (2008) 

7. Li XY, Liu ZQ, Chi ZM., Production of phytase 
by a marine yeast Kodamaea ohmeri BG3 in 
an oats medium: optimization by response 
surface methodology. Bioresour Technol, 
99: 6386-6390, (2008) 

8. Rao YK, Tsay KJ, Wu WS, Tzeng YM., Medium 
optimization of carbon and nitrogen 
sources for the production of spores from 
Bacillus amyloliquefaciens B128 using 
response surface methodology. Process 
Biochem, 42: 535-541, (2007) 

9. Singh G, Ahuja N, Batish M, Capalash N, 
Sharma P., Biobleaching of wheat straw-
rich soda pulp with alkalophilic laccase 
from gamma-proteobacterium JB: 
optimization of process parameters using 
response surface methodology. Bioresour 
Technol, 99: 7472-7479, (2008) 

10. Tanyildizi MS, Ozer D, Elibol M., 
Optimization of a-amylase production by 
Bacillus sp. using response surface 
methodology. Process Biochem, 40: 2291–
2296, (2005) 

11. Cazetta ML, Celligoi MAPC, Buzato JB, 
Scarmino IS., Fermentation of molasses by 
Zymomonas mobilis: effects of temperature 
and sugar concentration on ethanol 
production.  Bioresour Technol, 98: 2824-
2828, (2007) 

12. Vaheed H, Shojaosadati SA., Evaluation and 
optimization of ethanol production from 



            Available Online through 

          www.ijpbs.com                                                             IJPBS |Volume 1| Issue 3 |JULY-SEPT |2011|103-116   

  
International Journal of Pharmacy and Biological Sciences (ISSN: 2230-7605) 

Aniruddha B. Pandit* et al                                                                                 Int J Pharm Bio Sci 
www.ijpbs.com 

 

P
ag

e1
1

6
 

carobpod extract by Zymomonas mobilis 
using response surface methodology.  J Ind 
Microbiol  Biotechnol, 38: 101–111, (2011) 

 13. Daniel HJ, Reuss M, Syldatk C., Production 
of sophorolipids in high concentration from 
deproteinized whey and rapeseed oil in a 
two stage fed batch process using Candida 
bombicola ATCC 22214 and Cryptococcus 
curvatus ATCC 20509. Biotechnol Lett, 
20(12): 1153-1156, (1998) 

14. Rau U, Hammen S, Heckmann R, Wray V, 
Lang S., Sophorolipids: a source for novel 
compounds. Ind Crops Prod, 13: 85-92, 
(2001) 

15. Solaiman DKY, Ashby RD, Nuñez A, Foglia 
TA., Production of sophorolipids by Candida 
bombicola grown on soy molasses as 
substrate. Biotechnol Lett, 26: 1241–1245, 
(2004) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Address for the Correspondence: 

Corresponding author:  

Prof. Aniruddha B.Pandit*                                    

Institute of Chemical Technology,  

Mumbai, 

India 

Telephone:Office: +91 9820408037 

E.mail: dr.pandit@gmail.com 

First author  

Mr. Vishal J. Parekh 

Institute of Chemical Technology (ICT), Mumbai 

 

mailto:dr.pandit@gmail.com

