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The optimal conditions for lipase production were determined by response
surface methodology in solid state fermentation with Aspergilles niger. A second-order
central composite design was applied to evaluate the effects of four independent variables
incubation time, pH, olive oil concentration as inducer effect and yeast extract
concentration on the lipase activity. Correlation analysis of the mathematical regression
model indicated that the quadratic polynomial model could be employed to optimize the
lipase production. The linear term of incubation time, olive oil and yeast extract
concentration had significant effects on production of lipase (p-value < 0.05). Maximum
lipase activity from the experimental was determined to be 69.78 U/g under the optimal

conditions.
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Lipases are enzymes belonging to the
group of the hydrolases, whose main biological
functionistowork asthe catalyst of the hydrolysis
of insolubletriacylglycerolsto generate free fatty
acids, mono- and diacylglycerols, and glycerol.
Besides its natural function, lipases can catalyze
esterification, interesterification, and
transesterification reactions in nonaqueous
media.

Microbial lipases are biocatalysts that
have interesting characteristics, such as action
under mild conditions, stability in organic solvents,
high substrate specificity, and regio- and
enantioselectivity?*. Due to the growing
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importance of lipases within biotechnological
perspectives, extensive research is being carried
out throughout the world to exploit hyperactive
strains for lipase production and to optimize the
various parameters for maximizing its production.

Traditional approach to optimization of
biological systemsbased on One Factor AtaTime,
commonly abbreviated OFAT, is not as scientific
asis Response Surface Methodology (RSM). Itis
less efficient than afactorial screening design and
can provideincorrect conclusionsin case of strong
interactions among the factors. Response surface
methodology is a statistical method that uses
guantitative datafrom an appropriate experimental
design to determine or simultaneously solve
multivariate equation ®.

Solid substrate fermentation (SSF) has
built up credibility in recent years for the
production of microbial products including
enzymes through inexpensive media and it is an
appropriate process for developing countries °.
Although submerged fermentation iswidely used
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in the enzyme industry and has advantages in
process control and good yields of enzymes, the
products in fermentation are relatively dilute
resulting in high volumes of effluents 7. As an
alternative, SSF has been developed and proved
to be an economical way to produce various
enzymes including lipases and esterases. Interest
in lipases has greatly increased in recent years
duetotheir variousapplicationsinfood, detergent,
cosmetic, organic synthesis, and pharmaceutical
industries &1°. Microorganisms are potent lipase
producers and moulds are widely recognized for
higher enzyme production due to their ability to
utilize various substrates with vigorous growth
and sporulation on the substrate matrix.

In the present work, the objectivewasto
improve lipase production of Aspergillus niger
under SSF conditions with rice straw using RSM

MATERIALSANDMETHODS

Microorganism

A. niger strain G14 isolated from the soil
sample of the Guilan-Iran. The fungus was
identified by the Iranian Research Organization for
Science and Technology (IROST) and used for the
experimental studies.

I noculum and fermentation conditions

Rice straw was used as substrate for the
production of lipase by A.niger under solid state
fermentation. Fermentation was carried out in 250
ml Erlenmeyer flasks containing 10 g substrate with
the moisture content adj usted to 60% with mineral
salt solution. The medium pH was adjusted to the
corresponding values (Table 2) using 1 M HCl and
NaOH. After sterilization (autoclaved at 121°C at
15 psi pressurefor 30 min), aninoculum size of 10°
spores/ g substrate was used for each flask under
aseptic conditions and incubated at 30 + 2°C.

All the experiments were carried out in
triplicates and the results were expressed as the
mean of them.

Enzymeextraction

Enzymesextraction was carried out by the
method of Ramachandran et a. 1. . Crude enzymes
wereextracted by mixing solid substrate with 20 ml
of 0.1 M Tris-HCI buffer, pH 8.0, and then shaking
the mixturein ashaker at 200 rpm. The suspension
wasthen centrifuged at 12000 rpm for 20 min and
the supernatant used for lipase assay and activity
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was recorded as response at the end of the
experiments.
Enzymeassay

Lipase assay was done
spectrophotometrically using p-nitrophenyl
pal mitate (procured from Sigma) as the substrate.
The assay mixture contained 1ml of 16.5 mM
solution of p-nitrophenyl palmitate in 2-propanol
along with Tris-HCI buffer, pH 8 (supplemented
with 0.1% arabic gum and 0.4% Triton X-100) ina
ratio of 1:9. The enzyme solution (0.025 ml) was
added to it and incubated in water bath at 37°C for
10 min. p-nitrophenol was liberated from p-
nitrophenyl palmitate by lipase mediated hydrolysis
imparting a yellow color to the reaction mixture.
After incubation, 2 ml of distilled water was added
and the absorbance was measured at 410 nm *2,
Absorbance of control was also recorded. One unit
(V) of lipase activity was defined as the amount of
enzyme that liberates one micromole of p-
nitrophenol, per min under the assay conditions.
Experimental design and statistical analysis

RSM was used to determine the optimum
condition for lipase production. The effect of four
independent variables: incubationtime (x ), pH (x,),
olive oil concentration (x,) as inducer effect and
yeast extract concentration (x,) on the response
variable (lipase activity) was evaluated using
central compositedesign (CCD) (Table1). Thefive
coded levels of each variable were incorporated
into thedesign and wereanayzed in 31 experimental
trails (Table 2). The central point of the design was
repeated seven times to calculate the
reproducibility of the method 3. For each
experimental trail of the independent variablesin
the experimental design, the dependent parameter
the lipase activity was determined. The effect of
these independent variables x,, x,, X, and x, on the
response was investigated using the second-order
polynomial regression equation. This equation,
derived using RSM for the evaluation of the
response variable, isasfollows:

k k k
Y =po+ Z Bix; + z Bux® + Z Bijxix;
= =1

i#j

where 3, is defined asthe constant, 3 the
linear coefficient, 3, the quadratic coefficient and
/3”. the interaction coefficient. x and X are the
independent variableswhile k equal sto the number
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of thetested factors (k =4). The analysisof variance
(ANOVA) tableswere generated and the effect and
regression coefficients of individual linear,
guadratic and interaction terms were determined.
The significances of al terms in the polynomial
werejudged statistically by computing the p-value
at aprobability of 0.05. Theregression coefficients
were then used to make statistical calculationsto
generate response surface and contour maps from
the regression models. The analysis of data and
the optimizing process were generated using
Minitab statistical software version 15.
Verification of model

The optimum conditions of lipase
production were obtained using RSM. For
verification of the model, lipase activity under
optimal conditions in experimental stage was
determined. The experimental and predicted values
were compared in order to determine the validity
of themodel.
Effect of pH and temperature on the enzyme
activity and stability

The pH stability of the lipase was
determined for 1 h at 37°C by incubating the
enzymes-substrate at suitable buffer with various
pH from 4to 11inthefollowing buffer systems. 0.1
M sodium acetate (pH 4.0-5.5); 0.1 M sodium
phosphate (pH 6.0-7.5); 0.1 M Tris-HCI (pH 8.0-
9.0); 0.1 M glycine-NaOH (pH 9.5-11); and 0.1 M
sodium carbonate (pH 11.5-12.0), respectively. To
examinethethermal stability of thelipase solution
was in Tris-HCI buffer (pH 8.0) was allowed to
stand for 1 h at different temperaturesin therange
of 30-70°C, the reaction stopped inice-cold water
and then the residual activity was measured as
described above.

RESULTS AND DISCUSSION

Fittingthemodels

The study utilized RSM to develop a
prediction model for lipase production. The
experimental conditions and the corresponding
response val ues from the experimental design are
presented in Table 2. The independent and
dependent variables were analyzed to obtain a
regression equation that could predict theresponse
within the given range. The values of the
coefficientsin the equation are presented in Table
3. Theregression equation for lipase activity isas
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follows:
Lipase activity = 56.2637 + 3.0853x, + 2.0213x, +
10.3422x,—3.2933x,

- 1.0407x *—0.93x,? —4.494x,? —3.5084x >

+0.8133x,x, — 0.6504x X, + 0.5643x X, +
0.8041x,x,—0.063x,x, + 0.8041x X, (2)
wherex,, X,, X, and x, are theindependent variables
for incubation time, pH, oil and yeast extract
concentration respectively.

The plot of experimental values of lipase
activity versus those calculated from Eq. (2)
indicated a good fit, as presented in Fig. 1. The
results of analysisof variance (ANOVA) are shown
in Table 4. For the model fitted, the coefficient of
determination (R?), whichisameasure of degree of
fit 4, was 0.901. This implies that 90.1% of the
variations could be explained by the fitted model.
The closer of R? value to unity, the better the
empirical modelsfitsthe actual data®®. Onthe other
hand, the smaller of R? valuethelessrelevancethe
dependent variablesinthemodel havein explaining
the behavior of variations °. The probability p-
value of the regression model significancewasless
than 0.001. Therefore, the devel oped model could
adequately represent the real relationship among
the parameters chosen.

Effectsof independent variableson responses

The effects of lipase production
conditions by the regression coefficients of fitted
second-order polynomial are presentedin Table 3.
It was evident that the linear terms except for pH,
and two quadratic terms (pH and incubation time)
were significant (p-value < 0.05), whereas al the
cross-product termswere not insignificant (p-vaue
> 0.05). The results indicated that the effects of
inducer (oil concentration) and yeast extract were
the major contributing factorsto lipase production.
Within the experimental range, however, pH had
no significant effects (p-value > 0.05) onthelipase
production.

The response surfaces and contour plots
of lipase production conditionsare shownin Figs.
2-4. The response surface and contour plots of
the effects of incubation timeand oil concentration
on lipase production are presented in Fig. 2. The
results indicated that incubation time displayed a
linear effect on the lipase production, and it
increased with an increase of incubation time.
Guptaet a. I also reported the incubation time as
significant factor for lipase production. However,
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inducer (oil concentration) demonstrated a
qguadratic effect on the response; hence lipase
activity increased up to about oil concentration
3.2 (%w/w), followed by adeclinewith itsfurther
increase. The effects of incubation time and yeast

extract concentration on lipase production are
shown in Fig. 3. Yeast extract concentration a
quadratic effect on the response, maximum lipase
activity at 1.8 (%w/w) yeast extract, whereas the
effect of incubation time was linear. Both oil and

Table 1. Independent variables and their coded and actual levels

Independent variables (factors) Symbol Actual values of coded levels

-0 -1 0 +1 +o
Incubation time (h) X, 24 48 72 96 120
pH X, 6.5 7.0 75 8.0 85
olive oil concentration (%w/w) X, 1.0 2.0 3.0 4.0 5.0
yeast extract concentration (% w/w) X, 1.0 2.0 3.0 4.0 5.0

"o = 2.0 (star point for orthogonal CCD for the case of 4 independent variables)

Table 2. Central composite rotatable design (CCRD) and responses (lipase activity)

Run Time pH oil con. yeast ext. Lipase activity (U/g)
1 48 6.5 1 1 37.11
2 96 6.5 1 1 45.44
3 48 75 1 1 38.12
4 96 75 1 1 46.36
5 48 6.5 3 1 63.54
6 96 6.5 3 1 62.77
7 48 75 3 1 64.46
8 96 75 3 1 67.86
9 48 6.5 1 3 28.40
10 96 6.5 1 3 31.96
11 48 75 1 3 25.33
12 96 75 1 3 35.10
13 48 6.5 3 3 51.06
14 96 6.5 3 3 58.14
15 48 75 3 3 54.13
16 96 75 3 3 62.93
17 24 7 2 2 41.81
18 120 7 2 2 54.13
19 72 6 2 2 40.50
20 72 8 2 2 56.32
21 72 7 0 2 21.62
22 72 7 4 2 46.69
23 72 7 2 0 37.96
24 72 7 2 4 38.24
25 72 7 2 2 54.96
26 72 7 2 2 57.22
27 72 7 2 2 58.27
28 72 7 2 2 56.72
29 72 7 2 2 56.41
30 72 7 2 2 58.41
31 72 7 2 2 51.87
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yeast extract concentration quadratic effects on
lipase production, and the maximum lipase activity
was obtained at 3.2 and 1.8 (%w/w) respectively
(Fig. 4).
Optimum conditionsand model verification
From the model, optimum conditionsfor
lipase productin were obtained as presented in
Table5. Under the optimum conditionsof incubation
time 116.12 h, pH 8, oil concentration 3.19 (Yow/w)
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and yeast extract concentration 1.78 (%ow/w) a
maximum response of 68.31 U/gwaspredicted. The
suitability of the model equation for predicting the
optimum response value was tested by additional
independent experiments using the recommended
optimum conditions (Table5). Theresultsindicated
that the experimental lipase activity (69.87 U/g) was
not significantly different from the predicted protein
value(68.31U/Qg).

Table 3. Significance of regression coefficients of the fitted
second-order polynomia model for lipase activity

Term Regressioncoef.  Standard error t-value p- value
Constant 56.2637 2.386 23.583 0.000
Linear

Time (h) 3.0853 1.288 2.395 0.029
pH 2.0213 1.288 1.569 0.136
Oil con. 10.3422 1.288 8.027 0.000
Yeast ext. -3.2933 1.288 -2.556 0.021
Quadratic

Time*Time -1.0407 1.180 -0.882 0.391
pH*pH -0.9300 1.180 -0.788 0.442
Qil con.*Qil con. -4.4940 1.180 -3.807 0.002
Yeast ext.* Yeast ext. -3.5084 1.180 -2.972 0.009
Cross product

Time*pH 0.8133 1578 0.515 0.613
Time*Qil con. -0.6504 1.578 -0.412 0.686
Time* Yeast ext. 0.5643 1578 0.358 0.725
pH*Qil con. 0.8041 1578 0.510 0.617
pH* Yeast ext. -0.0630 1.578 -0.040 0.969
Qil con.* Yeast ext. 0.8041 1.578 0.510 0.617

Table 4. Analysis of variance (ANOVA) of the regression parameters for the response surface model

Source D.F Sum of Squares Mean Square F-value P-value
Model 14 4042.91 288.78 7.25 A 0.001
Linear 4 3153.90 788.48 19.79 A 0.001
Quadratic 4 845.81 211.45 531 0.006
Cross product 6 43.20 7.20 0.18 0.978
Residual 16 637.47 39.84

Pure error 6 30.78 5.13

Total 30 4680.38

Table 5. Optimum conditions of lipase production experimental and predicted from RSM

Optimum condition

lipase activity (U/g)

X3

Cal. vaue

Expt. value

3.19

1.78

68.31

69.78

J PURE APPL MICROBIO, 6(2), JUNE 2012.



794 ANVARI: LIPASE PRODUCTION FROM RICE STRAW

70

60 -

R%=0.901
50 b
=
(:, 40
‘;‘ lipase activity
E 30 | i
g 45
§ 20 | ®
é‘ 10 | yeast ext.
0
0 20 40 60 80 4
lipage activity ( Exp. 30 40
P v (Exp. ) -
35
50 —
Fig. 1. Correlation of calculated with experimental 37
lipase activity

55— |

3’0 4’0 5’0 6’0 7’0 8’0 9’0 1(’)0 1:;.0 120
Time
Fig. 3. Response surface plot (upper) and its
contour plot (lower) for the effects of incubation
time (h) and yeast extract concentration (%ow/w) on
45 lipase activity at its center level

60

lipase activity 40

20

oil con.

60
4 60 — | lipase activity o
20
45
3 0 30
15 yeast ext.
0.0
3.0
§ oil con. 45
2 B
B 4
I +d 30
‘“’v ©
1 e
3
™ 20
s —| .
° [~ 10 g
30 40 50 60 70 80 90 100 110 120 g 27
Time
1
Fig. 2. Response surface plot (upper) and its contour *
plot (lower) for the effects i o0
of incubation time (h) and oil concentration (%w/w) °3 1 2 3 2

on lipase activity at its center level oil con.

Fig. 4. Response surface plot (upper) and its
contour plot (lower) for the effects of oil and yeast
extract concentration (%w/w) on lipase activity
at its center level

J PURE APPL MICROBIO, 6(2), JUNE 2012.



ANVARI:

120

100 - —— stability

80 - —— activity
60 -

20 -

Relative activity (%)

20 -

3 4 5 6 7 8 9 10 11 12
rH

Fig. 5. Effect of pH on the stability and activity of
the lipase.

Effect of pH and temperatureon theactivity and
stability of theenzyme

The effect of pH on the catalytic activity
was studied by using p-nitrophenyl palmitate asa
substrate under the standard assay condition. The
lipase exhibited maximum activity at pH 8.0. The
pH stability profile of the lipase was determined
by the measurement of the residual activity at pH
8.0 after incubation at various pH values at 37°C
for 1 h. Thelipase was stable between pH 6.0 and
8.0, and retained more than 80% of its original
activity (Fig. 5).

The optimum temperature for the lipase
activity was found to be 40°C. To examine the
thermal stability of thelipase, the enzyme solution
in Tris-HCI buffer (pH 8) wasallowed to stand for
1 h at various temperatures, and the residual
activity was measured. The results showed that at
temperatures higher than 40°C, theresidua activity
was decreased significantly. At 50°C, the enzyme
retained 63% of its activity (Fig. 6). The lipase
activity wasinactivated at 70°C.

CONCLUSIONS

The response surface methodology is an
efficient technique for the rapid screening of the
significant influencing parameters and
development of a polynomia model to optimize
fermentation condition for the production of lipase
from A.niger. The R? value of 0.901 showed agood
fit of the model with the experimental data. The
model, predicted accurately for maximum lipase
production. The optimum fermentation conditions
obtained for the production of lipase from rice
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Fig. 6. Effect of temperature on the stability and
activity of lipase.

straw were incubation time 116 h, pH 8, oil
concentration 3.2 (%w/w) and yeast extract
concentration 1.78 (%wi/w) for obtainingamaximum
lipase activity of 69.87 U/g.
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