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Abstract
Lipase, a versatile hydrolytic enzyme, is gaining more importance in environmental applications such as treatment of oil and
grease containing wastewater, pretreatment of solid waste/industrial wastewater for anaerobic treatment. In the present study, the
attempts have been made to improve the production of lipase from Staphylococcus hominisMTCC 8980 by optimization of pH,
temperature, and agitation speed in lab scale shake flasks culture. The experiments were designed using the full factorial central
composite design of experiment. A total of 20 experiments were conducted, and the optimized pH, temperature, and agitation
speed were found to be 7.9, 33.1 °C, and 178.4 rpm, respectively. The results of the analysis of variance (ANOVA) test revealed
that the linear terms for temperature and agitation were significant (p value < 0.05). Interaction for pH and agitation speed was
found to have a significant effect on lipase production from S. hominis MTCC 8980. A 150% increase in enzyme activity was
observed under the optimized conditions with the maximum lipase activity of 1.82U/ml. Further enhancement of enzyme activity
can be expected from the optimization of medium components.
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Introduction

Microbial enzymes possess several advantages over enzymes
derived from plants or animals. Microbial enzymes show ver-
satile catalytic activities and higher yields, and remain unaf-
fected with seasonal fluctuations. Moreover, enzyme modifi-
cation at the gene level is easy in the case of microbes.
Selectivity in racemic mixtures and ease of mass production
of microorganisms on low-cost medium provides the added
advantage to this (de Morais et al. 2016; Bosley and Clayton
1994; Charton and Macrae 1992). Besides these factors, en-
zymes of microbial origin possess a substantial role in waste
management and thus leading to the development of a green
environment (Momsia and Momsia 2013). Thus, these en-
zymes are successfully utilized in many industries.

Among several microbial enzymes, lipase has been studied
extensively due to its widespread industrial applications.
Lipases find applications in dairy, biodiesel, detergents, cos-
metics, paper, polymer, leather, and textile industries; oil pro-
cessing; production of surfactants; and synthesis of pharma-
ceuticals products among many others (Singh et al. 2016;
Javed et al. 2018). Recently, lipase is gaining more importance
in environmental applications such as treatment/pretreatment
of oil and grease containing or lipid-rich wastewater, pretreat-
ment of solid waste/industrial wastewater for anaerobic treat-
ment (Kanmani et al. 2015; Moon and Song 2011; Prasad and
Manjunath 2011; Dharmsthiti and Kuhasuntisuk 1998;
Basheer et al. 2011; Mahdi et al. 2012) due to its hydrolytic
activity. There is a huge market demand of lipases due to its
widespread applications in various industries. It is predicted
that the global market for lipase will reach $590.5 million by
2020, at a compound annual growth rate (CAGR) of 6.5%
between 2015 and 2020 (https://www.marketsandmarkets.
com/PressReleases/lipase.asp). Economical production of
lipases is essential considering its huge market demand. The
important factors for economical production of lipase include
selection of lipase producing microorganisms with high yield,
development of cost-effective production medium, and simple
downstream processing. The improved lipase production can
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also be achieved by optimization of different process param-
eters (variables) such as medium composition, pH, tempera-
ture, and agitation speed (Kaushik et al. 2006; Chauhan et al.
2013; Colla et al. 2016).

One variable at a time (OVAT) is the basic optimization
process, which requires numerous experiments and longer
time. This traditional method is incapable of explaining the
effects of interaction among the factors and therefore unable to
provide appropriate optimized values. Therefore, statistical
methodologies such as the design of experiments (DOE) are
now commonly employed for the optimization of process pa-
rameters as they require less number of experiments for ac-
quiring more information about factors and their interaction
effects. Moreover, the errors in determining the effect of pa-
rameters can be reduced economically by the use of DOE
(Dutta et al. 2013). Response surface methodology (RSM),
one of the DOEs, is a very popular and useful statistical meth-
od often used for the optimization of process parameters
(physical or chemical). RSM is highly efficient, structured,
pre-designed, and reliable method that not only identifies the
parameters that significantly affect the process but also ex-
plains the relationship between the parameters (Dutta et al.
2013; Chauhan et al. 2013).

Therefore, the main aim of this study was to improve
the production of microbial lipase by optimizing the en-
vironmental factors, which can affect the production. The
effects of process parameters like temperature (°C), pH,
and agitation speed (RPM) on lipase production by
Staphylococcus hominis MTCC 8980 using olive oil as
carbon source were determined by central composite de-
sign (CCD), and these parameters were optimized using
RSM approach. RSM has been successfully employed to
optimize the process parameters for the enhanced produc-
tion of lipase from different bacteria (Liu et al. 2006;
Teng and Xu 2008; Chauhan et al. 2013); however, to
the best of our knowledge, this is the first report on the
optimization of process parameters for enhanced lipase
production from S. hominis MTCC 8980 using RSM.

Materials and methods

Microorganism and growth condition

The bacterium Staphylococcus hominisMTCC 8980 selected
for the production of lipase enzyme was obtained from
Microbial Type Culture Collection (MTCC) CSIR-Institute
of Microbial Technology Chandigarh, India. The bacteria
were revived using a nutrient broth to make a suspension
culture. Later on, it was streaked onto two plates of agar me-
dia. These two plates were incubated for 24 h at 37 °C. After
revival, the plates were stored at 4 °C and regularly sub-
cultured as required.

Production of lipase

Basal mineral media containing different minerals were used for
the production of lipase using S. hominis MTCC 8980. The
medium contained the following composition in g/100 ml:
(NH4)2SO4 0.5, NaNO3 0.05; K2HPO4 0.1, KH2PO4 0.05;
KCl 0.1; MgSO4·7H2O 0.03, CaCO3 0.05, yeast extract 1.
The medium was supplemented with 0.05 ml of trace elements
solution with the following composition in g/l: H3BO3 0.26,
CuSO4·5H2O 0.5, MnSO4·H2O 0.5, MONa2O4·2H2O 0.06,
and ZnSO4·7H20 0.7 (Marimuthu 2013). Olive oil (2% v/v)
was added to the basal medium as the carbon source for lipase
production. The initial pH of the medium was adjusted to 7.5.
The medium was sterilized by autoclaving for 15 min at 121 °C
and 15 psi. A loopful of the overnight grown culture of
S. hominis on the agar plate was used to inoculate into the 50-
ml basal mineral medium to prepare the seed culture. The inoc-
ulated seed culture was incubated at 37 °C for 24 h. To study
lipase production in shake flask culture, 2% of inoculum from
the seed culture was added to 100 ml of lipase production me-
dium in 250-ml conical flask. The flasks were kept in orbital
shaker incubator for 48 h at 150 rpm and 37 °C.

Growth and lipase production from S. hominis MTCC
8980

Samples were collected at regular time intervals for measuring
the growth of S. hominis and lipase activity. The growth of
bacteria was measured at 660 nm in a UV spectrophotometer
(Systronics Model 2203). The collected samples were centri-
fuged at 10,000 rpm for 10 min at 4 °C, and the supernatants
were used for determining the lipase activity. The lipase activ-
ity was determined titrimetrically using olive oil as substrate
as described by Pignède et al. (2000). Briefly, 1-ml crude
enzyme was added to 2 ml of 0.1 M phosphate buffer and
1 ml of olive oil mixture and incubated at 40 °C for 30 min.
Then, ethanol (5 ml) was added to the reaction mixture to stop
the reaction. The reaction mixture was titrated against 0.1 N
NaOH using phenolphthalein as an indicator. One unit of li-
pase activity can be defined as 1.0 μmol of free fatty acid
liberated per minute.

Optimization of parameters for enhanced production
of lipase enzyme

ACCDwas set up to determine the optimum level and explain
the combined effect of chosen process parameters, i.e., pH,
temperature, and agitation speed on the production of lipase
from S. hominis. Each variable was assessed at five coded
levels: − 1.682, − 1, 0, + 1, and + 1.682 where 0 corresponded
to the central level. The central level was selected based on the
literature reported values (Marimuthu 2013). The input vari-
ables are scaled to coded levels based on the equation Eq. (1)
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and have 20 combinations as per the formula (= 2k + 2k + 6),
where k represents the number of independent variables which
are the physiochemical parameters of the present experiment.

xi ¼ X i−X cp

ΔX i
ð1Þ

where Xi is a dimensionless parameter of the independent
process variable, Xi indicates the real value of the independent
variable, Xcp implies the real value of an independent variable
at the center point, and ΔXi represents the step change in the
real value of the variable i upon a unit change in the dimen-
sionless value of the variable i.

Lipase production was analyzed using a second order poly-
nomial equation (Eq. 2).

Y ¼ β0 þ β1X 1 þ β2X 2 þ β3X 3 þ β12X 1X 2

þ β13X 1X 3 þ β23X 2X 3 þ β11X
2
1 þ β22X

2
2 þ β33X

2
3

ð2Þ

where X1, X2, and X3 are the levels of the factors and β1, β2,
and β3 are the linear coefficients, β11, β22, … β55 are the
quadratic coefficients, and β12, β13, and β23 are the interactive
coefficient estimates, while β0 has a role of a scaling constant.
A statistical software package MINITAB v.17.1 was used for
the analysis of variance (ANOVA) and regression analysis.
Contour plots from linear as well as quadratic interactions
between parameters were also plotted by using MINITAB
v.17.1.

Results and discussion

Lipase production and growth profile of S. hominis
MTCC 8980

The growth and lipase activity profile of the S. hominisMTCC
8980 grown on medium containing olive oil as the sole source

of carbon is shown in Fig. 1. The maximum growth of
5.73 units was measured at 660 nm, and enzyme activity of
1.166 U/ml was observed at 48 h. After 48 h, both the growth
and lipase activity started decreasing. Figure 1 shows that
lipase activity increased with an increase in growth and also
followed the same trend during the decline of growth.
Therefore, it can be understood that lipase production in
S. hominis MTCC 8980 is mainly growth associated.

Optimization of the combined effect of pH
and temperature on the performance of lipase
under assay condition

Previously, it has been observed that the lipase production was
greatly influenced by process parameters like pH, tempera-
ture, and dissolved oxygen concentration (Sharma et al.
2009). In shake flask, the direct control of dissolved oxygen
concentration was not possible; however, the controlling agi-
tation speed would affect the dissolved oxygen concentration
in the culture. Therefore, in the present study, attempts have
been made to enhance the lipase activity by optimizing the
process parameters like pH, temperature, and agitation speed
in shake flask culture.

The design matrix and the corresponding results of CCD
experiments to determine the effects of three independent var-
iables (pH, temperature, and agitation speed) are shown in
Table 1. Using the experimental results of CCD, regression
model equation (Eq. 3) was developed for predicting the max-
imum lipase activity.

Y lipase activity ¼ 1:3703−0:0190 X 1−0:0337X 2

þ 0:0807X 3−0:0175 X 2
1−0:0381X

2
2

þ 0:0050X 2
3 þ 0:0088X 1X 2

þ 0:1313X 1X 3 þ 0:0012X 2X 3 ð3Þ

Fig. 1 Growth and lipase activity
profile of S. hominis under
unoptimized condition
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where X1, X2, and X3 are the pH, temperature, and agitation
speed, respectively.

The experimental results obtained for the CCD were sub-
jected to ANOVA analysis. Table 2 represents the ANOVA for

Table 1 A full-factorial central composite design matrix of three variables in coded and actual values with experimental and predicted values of lipase
production

Run order pH Temperature Agitation speed Enzyme activity (U/ml) Predicted lipase
activity (U/ml)

1 6 (− 1) 30 (− 1) 60 (− 1) 1.42 1.39

2 7.5 (+ 1) 30 (− 1) 60 (− 1) 1.19 1.15

3 6 (− 1) 38(+ 1) 60 (− 1) 1.27 1.3

4 7.5 (+ 1) 38(+ 1) 60 (− 1) 1.11 1.2

5 6 (− 1) 30 (− 1) 150 (+ 1) 1.28 1.29

6 7.5 (+ 1) 30 (− 1) 150 (+ 1) 1.61 1.57

7 6 (− 1) 38(+ 1) 150 (+ 1) 1.17 1.21

8 7.5 (+ 1) 38(+ 1) 150 (+ 1) 1.5 1.53

9 6.75 (0) 34(0) 105 (0) 1.37 1.37

10 6.75 (0) 34(0) 105 (0) 1.37 1.37

11 6.75 (0) 34(0) 105 (0) 1.37 1.37

12 6.75 (0) 34(0) 105 (0) 1.37 1.37

13 5.52 (− 1.682) 34(0) 105 (0) 1.33 1.29

14 7.97 (+ 1.682) 34(0) 105 (0) 1.32 1.35

15 6.75(0) 27.4 (− 1.682) 105 (0) 1.27 1.32

16 6.75 (0) 40.5 (+ 1.682) 105 (0) 1.27 1.21

17 6.75 (0) 34 (0) 31.515 (− 1.682) 1.23 1.25

18 6.75 (0) 34 (0) 178.5 (+ 1.682) 1.54 1.52

19 6.75 (0) 34 (0) 105 (0) 1.37 1.37

20 6.75 (0) 34 (0) 105 (0) 1.37 1.37

Table 2 ANOVA (analysis of variance) for quadratic model

Source DF ADJ SS ADJ MS F-
value

P value

Model 10 0.268383 0.26838 14.32 0.000

Linear 3 0.106884 0.035628 19.01 0.000

pH 1 0.004826 0.004826 2.57 0.143

Temperature 1 0.015187 0.015187 8.10 0.019

Agitation speed 1 0.086870 0.086870 46.34 0.000

Square 3 0.023049 0.007683 4.10 0.043

pH× pH 1 0.004022 0.004022 2.15 0.177

Temperature × temperature 1 0.019147 0.019147 10.21 0.011

Agitation speed × agitation speed 1 0.000337 0.000337 0.18 0.682

Two-way interaction 3 0.138437 0.046146 24.62 0.000

pH× temperature 1 0.000613 0.000613 0.33 0.582

pH× agitation speed 1 0.137813 0.137813 73.52 0.000

Agitation speed × temperature 1 0.000012 0.000012 0.01 0.937

Error 9 0.016872 0.001875

Lack-of-fit 5 0.016872 0.003374

Pure error 4 0.000000 0.000000

Total 19 0.285255

The MS value the ratio of SS and df. The Fisher’s F-value is the ratio of the MS of the model the MS of the error
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lipase activity that shows the sum of squares (SS), the mean
sum of squares (MS), degrees of freedom (df), F-value, and p
value for the model and different parameters. The low MS
value shown in Table 2 confirmed that the amount of variation
in the response data is low. The higherF-value for all the terms
suggests that the model equation is able to explain the varia-
tion in the response. The validity of F-value is further con-
firmed by evaluating the corresponding p value to identify the
statistical significance of the model and parameters. A p value
< 0.05 is considered to be statistically significant with a high
confidence level (> 95%). The p value (< 0.0001) of the over-
all regression model for the lipase activity was found to be
highly significant, and the second-order polynomial model
equation was efficiently represented the actual relationship
between the response (lipase activity) and the variables (pH,
temperature, and agitation speed). High regression coefficient
(R2 = 94.09%) of the model equation also confirmed the same.

The significance of the regression coefficient of the factors
was determined by performing a student’s t test. Table 3 shows
the coefficients, t-value, and p value of a different variable,
their square terms, and interaction terms. Regression analysis

of experimental data shows that pH and agitation speed has a
positive coefficient (Table 3) indicating that the higher value
of this parameter will favor the production of lipase, whereas
temperature has a negative coefficient (Table 3) indicating that
the high value of these parameters will adversely affect the
lipase production. The linear term of temperature and agitation
speed, the square term for temperature, and the interaction
term between pH and agitation are found to be significant
from their low p value (< 0.05).

Three-dimensional response surface plots (Figs. 2(a), 3(a),
and 4(a)) were constructed to determine the optimal levels of
each variable for maximum lipase production, by plotting the
response (lipase activity) on the Z-axis against any two inde-
pendent variables at X- and Y-axis while maintaining other
variables at their central levels. Two-dimensional contour
plots for two selected parameters to determine the interaction
of optimum level of each component with other components
for maximum response are shown in Figs. 2(b), 3(b), and 4(b).
These plots show probable interaction between the pairwise
combination of independent factors keeping other factors at
the center point. The contour and three-dimensional plot for

Table 3 Model coefficient
estimated by multiple linear
aggression

Term Effect Coef. SE coef. T value P value

Constant 1.3703 0.0177 77.34 0.000

pH 0.0381 0.0190 0.0119 1.60 0.143

Temperature − 0.0675 − 0.0337 0.0119 − 2.85 0.019

Agitation speed 0.1614 0.0807 0.0119 6.81 0.000

pH× pH − 0.0349 − 0.0175 0.0119 − 1.46 0.177

Temperature × temperature − 0.0762 − 0.0381 0.0119 − 3.20 0.011

Agitation speed × agitation speed 0.0101 0.0050 0.0119 0.42 0.682

pH× temperature 0.0175 0.0088 0.0153 0.57 0.582

pH× agitation speed 0.2625 0.1313 0.0153 8.57 0.000

Temperature × agitation speed 0.0025 0.0012 0.0153 0.08 0.937

Fig. 2 Interactive effect of pH and temperature on lipase activity. (a) Three-dimensional surface plot. (b) Contour plot
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the interaction effect of pH and agitation speed are shown in
Fig. 2(a), (b). This plot shows that the higher lipase activity
was favored at the higher level of pH and agitation speed.
Further increase in pH and agitation may have some positive
effect on enzyme activity. Figure 3(a), (b) shows plot between
temperature and agitation speed. It is observed from the graph
that with an increase in temperature to 35 °C, the lipase activ-
ity was increased to about 1.6 U/ml and started decreasing
when temperature further increased. Subsequently, with an
increase in agitation speed, there was an increase in lipase
activity. The interaction plot of temperature with agitation
speed indicated that higher lipase activity is favored at higher
agitation speed at all temperatures. Figure 4(a), (b) shows the
interaction plot between pH and temperature. From the ellip-
tical shape of the plot, it can be confirmed that the interaction
between pH and temperature is significant. The lipase activity
increased with the increase in pH within the selected range.
Interaction plot for pH with temperature suggests that high-
level (+ 1 and+ α) pH and low-level temperature (− 1) are
more favorable for higher lipase production.

Optimization of physical (pH and temperature) and
chemical parameters (NaCl, CASO, and olive oil) for
lipase production from Burkholderia sp. studied by Liu

et al. (2006) using response surface methodology
showed a 5-fold increase in productivity. In a sub-
merged fermentation process, optimization of physical
parameters and media components for lipase production
from Rhizopus chinensis CCTCC M201021 by statistical
method expresses the 120% increase of lipase activity
after optimization (Teng and Xu 2008). In an optimiza-
tion study of physical parameters (pH, temperature, and
incubation period) for the production of lipase by
Arthrobacter sp. BGCC#490 reveals a 1.6-fold increase
in lipase activity (Sharma et al. 2009). Therefore, from
the literature, it can be conferred that further increase in
lipase activity is possible with optimization of medium
components. Chauhan et al. (2013) observed that statis-
tical design of experiments improved lipase yield about
1.8-fold higher than OVAT approach for optimization of
lipase production from Staphylococcus arlettae using
soyabean oil as the carbon source. Their results revealed
that pH is an important parameter in lipase production
and its interaction with other process parameters like
incubation time, inoculum size, and oil concentration
is a non-linear relationship with an optimum value near
7.15. The optimum temperature was 38.8 °C. Bharathi

Fig. 3 Interactive effect of temperature and agitation speed on lipase activity. (a) Three-dimensional surface plot. (b) Contour plot

Fig. 4 Interactive effect of pH and temperature on lipase activity. (a) Three-dimensional surface plot. (b) Contour plot
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et al. (2018) found the maximum lipase activity of bac-
teria isolated from petrol spilled oil at pH 6, and tem-
perature 37 °C, whereas Larbidaouadi et al. (2015) re-
ported that optimum pH and temperature were 8 and
40 °C for highest lipase production (1.5 U/ml) from
Bacillus sp. isolated from industrial rejection gas sta-
tion. In the current study, the maximum lipase activity
was found at pH 7.97 and temperature 33.1 °C. The
optimum pH and temperature for lipase production vary
with the different microorganisms and different media
components. Therefore, pH and temperature are impor-
tant factors that need to be optimized for improved pro-
duction of lipase.

Validation of model

Experimental analysis showed that maximum enzyme activity
of 1.61 μmol/min was found at 30 °C with a pH of 7.5 and an
agitation speed of 150 rpm at run no 6. The regression equa-
tion Eq. (2) was further used to calculate the maximal predict-
ed response keeping the desirability at one. Predicted maximal
enzyme activity corresponds to 1.85 μmol/min at optimal
combination of pH of 7.97, a temperature of 33.1 °C, and
agitation speed of 178.4. To verify the accuracy of the model
predicted enzyme activity, lipase production from S. hominis
was carried out under optimal conditions. The maximum li-
pase activity under optimal condition obtained was 1.82 U/ml
experimentally, and this was closer to the predicted value of
1.85 U/ml (Table 4). A 150% increase in lipase activity was
observed under optimum conditions.

Conclusion

It can be concluded that the lipase production by S. hominis
can be improved by optimizing the process parameters.
Statistical design of experiments enables optimization while
keeping the number of experiments minimum. The model
predicted a 150% increase in lipase activity (1.85 U) under
optimized conditions of pH (8.0), temperature (33.1 °C), and
agitation speed (178.4) which was further validated by carry-
ing out the experiment under optimal conditions. The interac-
tion term for pH and agitation was identified to have a positive
significant effect on lipase production with olive oil as sub-
strate. The central composite design for lipase production was
effective in predicting optimized parameters.
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