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Abstract

For enhanced production of lipase by a saprotrophic fungal strain: Aspergillus flavus, optimization of selected environmental
conditions and fermentation medium were performed using response surface methodology and factorial design. The
results from factorial design reveal that agitation, substrate concentration, temperature and pH were the crucial elements
affecting the production of lipase. The optimum medium conditions obtained for lipase production using response surface
methodology were agitation of 150 rpm, substrate concentration of 2.75% v/v, temperature of 452C and pH 8.5. This model
was authenticated by replicating the experiment under the established conditions, which led to maximum expression of lipase
by the organism to 5.05 U/mg (predicted response 4.91 U/mg), hence substantiating the reliability of the model. Unexplored
Aspergillus flavus strain isolated from crude oil contaminated soils was used for this study. This study underscores the
capability of Aspergillus flavus, for lipase production and highlights the practicability of response surface methodology for the

optimization of environmental conditions and fermentation medium for enhanced production of lipase.
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Introduction

The wunique role of enzymes in medicine and
biotechnological industries has long been established
[1]. The presence of distinct secondary metabolites in
microorganisms has created novel opportunities for
development of diverse industrial processes. Enzymes
expressed by different microorganisms have been involved
in numerous commercial and industrial applications [2,3].
Advancement made in this area has led to the successful
isolation of numerous valuable microbes from diverse
ecological zones with subsequent extraction of beneficial
enzymes from them [2,4].

Amongst the most crucial and prevalent commercially
important industrial enzymes, lipases play a huge role
because it has numerous application in diverse industries
like food processing, leather, textile industries etc. Lipase
represents a group of industrially important enzymes
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commonly known as hydrolases that catalyze the hydrolysis
of acyl-glycerides to mono-acylglycerides, di-acylglycerides,
fatty acids and glycerol [5] and they have received enormous
attention in recent times. Lipases are widely utilized in
cosmetic, food, medical, and textile industries for numerous
applications because of their vast catalytic activities involving
resolution of racemic compositions, trans-esterification,
hydrolysis of triglycerides and for the synthesis of esters
etc [5-7]. Numerous organisms have been reported to be
potent producers of lipase, however, lipases expressed by
microorganisms are of significant value because of their
numerous commercial industrial applications in non-
aqueous and aqueous systems [8].

Recently researchers have laid more emphasis on
optimization (process development) and scale up of enzyme
production. As a matter of fact, the ratio of the medium factors
plays a significant role in augmenting enzyme production.
Ab initio, the one factor at a time strategy is the prevalent
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statistical method used for medium optimization [9]. This
technique, according to Wenster-Botz [10] might lead to data
misinterpretation because of the neglect in the interaction
between diverse factors in the medium. In addition, the
method is also time consuming, tedious and sometimes leads
to a partial comprehension of the system behavior with a
concomitant lack of predictive ability.

However, the shortcomings and pitfalls of the one factor
at a time strategy can be eradicated by applying response
surface methodology (RSM) which is utilized to elucidate the
mutual interfacial effects all factors present in a fermentation
medium [11]. RSM does not deal with experimental methods
alone, it also deals with mathematical models and statistical
interpretation for exploring and constructing an approximate
correlation between sets of design variables and a response
variable.

Numerous authors [2,12-14] have used statistical
methods for the optimization of enzyme production.
It is pertinent to note that, no delineated medium has
been instituted for optimal production of enzymes from
microorganisms. Every microbial isolate has its own
distinct cultural and fermentation conditions for enhanced
expression of enzymes and other secondary metabolites.
The utilization of reliable and efficient statistical method
is significant to develop improved techniques in order to
maximize products from microorganism [15].

Presently, industrial enzymes are not produced in
Nigeria commercially. Consequently, lots of diverse enzymes
are imported yearly to satisfy the demand of indigenous
industries. The indigenous industrial sectors in Nigeria
had increased enormously in the last decade, thus, it is a
demand of time to locally produce industrial enzymes to cut
down expenses on importation and at the same time boost
export earnings. In this study we isolated Aspergillus flavus
from crude oil contaminated soil - a distinct ecological zone
and evaluated its capacity for lipase expression, optimized
cultural conditions for maximum lipase production and
produced the lipase using the optimized medium.

Materials and Methods

Microorganisms and Media

The new aspergillus strain: Aspergillus flavus was
aseptically isolated from crude oil contaminated soil using
standard microbiological techniques and the pure culture
was preserved in bijou bottles at 4°C. Nutrient broth medium
containing peptone 5 g, yeast extract 5 g, glucose 10 g, K,.HPO,
(3g), Na SO, (2g), MgS0,.7H,0 (0.1g) and olive oil (3 mL) was
utilized for lipase production from the selected strain. The
medium was autoclaved for 15 min at 121°C.
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Production of Lipase

Exactly 1 mL of the inoculum of Aspergillus flavus was
aseptically inoculated into two 500 mL of the autoclaved
nutrient broth and was incubated for 72 h at 35°C.
Afterwards, the broth was centrifuged to remove viable cells
at 3000 rpm for 10 min to obtain the crude lipase enzyme.
The supernatant containing the enzyme was assayed for
lipase activity.

Enzyme Activity

Lipase activity was determined by the technique
described by Plou, et al. [16] with slight modification. Lipase
activity was assayed with Tween 80 as the substrate and
measured spectrophotometerically at 450 nm. The reaction
mixture contained 800 pL of 1 % (v/v) Tween 80 in 20 mM
Tris-HCI (pH 8.5) and 200 pL of the enzyme source. The
initial absorbance was recorded immediately at 450 nm and
the hydrolysis rate of Tween 80 was monitored by recording
the change in absorbance after 5 min.

Experimental Design

The medium conditions and constituents: inoculum
size, agitation, temperature, pH, incubation time, substrate
concentration, yeast extract, Na,SO, NacCl, KH,PO, and
peptone were considered and screened with regards to their
effects on lipase production by Aspergillus flavus using the
Plackett and Burman strategy as described by Venil and
Lakshmanaperumalsamy [2]. The components of the medium
were monitored for ten variables at two levels, minimum
(-) and maximum (+). The media was randomly formulated
according to the design and lipase activity was determined as
described in section 2.3. Response was premeditated at the
frequency of lipase expression and reported as U/mg. The
effect of each variable was extrapolated as reported by Venil
and Lakshmanaperumalsamy [2].

Response Surface Methodology

Response surface methodology (RSM) is an empirical
numerical modelling method used for multiple regression
analysis by utilizing the results obtained from the factorial
design to simultaneously resolve multi-variable equations
[17]. The components of the medium that was observed
to affect the production of enzyme were further optimized
using central composite design (CCD). The levels of
four selected independent variables namely Substrate
concentration (A), pH (B), temperature (C), and agitation
(D). The interactions and first and higher-order interfacial
influence of the selected variables were investigated using
the CCD. The contour plots and polynomial equation
were generated using statistical software package Design
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Expert® version 11.

Model Validation

The model was corroborated for lipase production by
performing check point studies. The experiments were
replicated under the conditions predicted by the model.
Samples were harvested at the established intervals and
lipase assay was evaluated as demonstrated in section 2.3.

Statistical Analysis

Design expert software was used for all surface plots

while Mini tab was used for factorial design.

Results and Discussion

The effect of ten selected medium conditions and factors
namely: inoculum size, agitation, temperature, pH, incubation
time, yeast extract, Na,SO,, substrate concentration, NaCl,
KH,PO, and peptone in lipase production was examined in
twelve runs by employing the Plackett and Burman strategy:.
The results in (Table 1) shows the experimental design for
the ten variables and the resultant responses. Discrepancies
varying from 1.78 U/mg to 4.79 U/mg was observed in lipase
activity in the 12 trials.

Temp. oo Sub Yeast Incubation | Inoculum Li[fa_se

Run | pH (©0) agitation conc extract time (hr) size Na,SO, KH,PO, | peptone | activity

(mg/L) (U/mg)
1 6 30 150 4 8 48 8 0.8 0.2 8 4.79
2 11 60 50 4 8 48 8 0.2 0.2 2 4.17
3 6 30 50 1.5 2 48 2 0.2 0.2 2 2.06
4 11 30 150 2 96 2 0.2 0.2 8 2.34
5 60 150 4 2 96 8 0.2 0.8 2 3.98
6 60 150 1.5 8 48 2 0.2 0.8 8 3.33
7 11 60 150 1.5 8 96 2 0.8 0.2 2 4.78
8 6 60 50 1.5 2 96 8 0.8 0.2 8 3.76
9 11 30 150 1.5 2 48 8 0.8 0.8 2 1.78
10 6 30 50 4 8 96 2 0.8 0.8 2 3.76
11 | 11 60 50 4 2 48 2 0.8 0.8 8 4.59
12 | 11 30 50 1.5 8 96 8 0.2 0.8 8 4.67

Table 1: Factors influencing lipase expression by Aspergillus flavus.

Amongst the screened variables, the efficient factors:
agitation, substrate concentration, temperature and pH
with high significance level were selected for optimization.
With reference to the Plackett and Burman design, the
statistical analysis showed that the model was significant.
Accordingly, the statistically significant variables namely

agitation, substrate concentration, temperature and pH from
the results were optimized using central composite design
in order to establish their optimum. The data for the central
composite design for the four variables are demonstrated in
Table 2.

Std | Run A:Subs:(l)z;e conc. B:pH C:Temperature D?‘E:)t::)l on a[c\tcltll:;lr t‘[ijp/a:tslg) l;rcet(iiéictt; ((iUL/iﬁlags)e
1 1 1.5 6 45 150 2 2.26

26 2 2.75 8.5 45 150 4.98 491

22 3 2.75 11 45 50 1.53 1.61

23 4 2.75 6 45 250 2.22 2.14

19 5 1.5 8.5 60 150 3.05 3.17
3 6 1.5 11 45 150 3.81 3.86
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7 7 2.75 8.5 30 250 4.19 4.06
28 8 2.75 8.5 45 150 5.05 4.91
4 9 4 11 45 150 3.47 3.19
17 10 1.5 8.5 30 150 4.11 4.03
14 11 2.75 11 30 150 3.75 3.95
13 12 2.75 6 30 150 3.44 3.56
16 13 2.75 11 60 150 4.2 4.12
20 14 4 8.5 60 150 3.65 3.72
29 15 2.75 8.5 45 150 5.05 491
5 16 2.75 8.5 30 50 2.36 2.38

17 1.5 8.5 45 50 2.18 1.92

18 2.75 8.5 60 250 3.51 3.47

19 2.75 8.5 60 50 2.19 2.29
15 20 2.75 6 60 150 2.88 2.71
21 21 2.75 6 45 50 2.02 1.97
25 22 2.75 8.5 45 150 5.05 4.91
11 23 1.5 8.5 45 250 3.21 3.13
27 24 2.75 8.5 45 150 4.44 491
2 25 4 6 45 150 3.06 2.99
10 26 4 8.5 45 50 1.62 1.73
24 27 2.75 11 45 250 4.26 4.3
18 28 4 8.5 30 150 3.68 3.55
12 29 4 8.5 45 250 3.08 3.38

Table 2: Experimental design for optimization of lipase expressed by Aspergillus flavus.

Furthermore, regression analysis was carried out
on the results and a polynomial equation was obtained
demonstrating that the production of lipase is reliant on the
independent variables. The regression model given as:

Y = 491 + 0.0167 xA+0.4500xB-0.1708x C+0.7142x
D-0.3500xAB+0.2575x AC+0.1075xAD+0.2525xBC+0.6325x%
BD-0.1275xCD-0.9032x A%-0.9382x B2-0.3920x C3-1.47x D?

Y is the response value (lipase activity) and A, B, C

and D were used to represent substrate concentration,
pH, temperature and agitation respectively. The obtained
equation could be utilized to predict the response during
enzyme production. The appropriateness of the model was
evaluated through analysis of variance (ANOVA) and the data
are demonstrated in Table 3. Results from the ANOVA of the
quadratic model revealed that the model was very significant
as evidenced from the Fisher’s test.

Source Sum of Squares | Degree of freedom | Mean Square | F-value p-value
Model 30.5 14 2.18 38.4 <0.0001 Significant
A-Substrate conc 0.0033 1 0.0033 0.0587 0.812
B-pH 2.43 1 243 42.83 <0.0001
C-Temperature 0.3502 1 0.3502 6.17 0.0262
D-Agitation 6.12 1 6.12 107.86 <0.0001
AB 0.49 1 0.49 8.64 0.0108
AC 0.2652 1 0.2652 4.67 0.0484
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AD 0.0462 1 0.0462 0.8146 0.382
BC 0.255 1 0.255 4.49 0.0524
BD 1.6 1 1.6 28.2 0.0001
CcD 0.065 1 0.065 1.15 0.3025
A? 5.29 1 5.29 93.26 <0.0001
B? 571 1 5.71 100.63 <0.0001
c? 0.9967 1 0.9967 17.57 0.0009
D? 14.05 1 14.05 247.69 <0.0001

Residual 0.7944 14 0.0567

Lack of Fit 0.5099 10 0.051 0.7168 0.696 not significant

Pure Error 0.2845 4 0.0711

Cor Total 31.3 28

Table 3: Analysis of variance of the results of the quadratic model.

The values p <0.05 (Table 3) denotes that the models are
significant. The Model F-value of 38.40 implies the model
is significant. Models with values p <0.05 indicates they are
significant. In this regard the models B, C, D, AB, AC, BD, A?,
B?, C?, D? are significant. The Lack of Fit F-value of 0.72
recorded in this experiment indicates that Lack of Fit is not
significant. Non-significant lack of fit is good and it signifies
that our model fit.

When the multiple correlation coefficient (R? value)
is very close to 1, it is an indication that there is a strong
relationship between the predicted and experimental
responses. The coefficient of variation (CV) is used to confirm
the level of precision of the experiment. A high coefficient of
variation is in indication of lower reliability of the model and
experiment. In this study, we recorded a low CV (7.05) (Table
4), which underscores the reliability of the experiment.

Std. Dev. 0.2382 R? 0.9746
Mean 3.38 Adjusted R? 0.9492
CV.% 7.05 Predicted R? 0.892

Adeq Precision 19.3029

the signal to noise ratio and any value that is greater than 4
is usually desirable. We recorded an Adeq Precision ratio of
19.303 which clearly shows an adequate signal. This suggests
that this model can be used to navigate the design space.

Before any statistical model is accepted, the suitability of
the model is usually evaluated using appropriate statistical
analysis. The main diagnostic analysis as demonstrated in
Figure 1 to 4 might be used to evaluate the residual behavior
of the adopted model. Numerous residual graphs are used to
evaluate model assumptions. The prime aim is to monitor a
normal probability plot of the residuals, in other words, the
sum of standard deviations ofactual values based on predicted
values (Figure 1). The normal probability plot reveals if
the residuals follow a normal distribution. This is a very
significant assumption when evaluating the satisfactoriness
of any statistical model. The results for residual values versus
the predicted responses are demonstrated in Figure 2. In
addition, all sequential components or time-based effects in
the responses are revealed in the graph of residuals versus
number graphs. The actual responses versus the predicted
data are presented in figure 4.

Table 4: Fit statistics of the proposed model.

The p values are very vital in the comprehension of the
diverse pattern of mutual interface between variables and
also to disclose the significance of coefficients. The R? value
of (0.97) shows strong relationship between the predicted
and experimental values. The recorded low CV (7.05)
suggests the experiment carried out is highly dependable.
The Predicted R? of 0.8920 is in rational agreement with the
Adjusted R? of 0.9492. Adeq Precision is used to determine

Design-Expert® Software
Lipase activity
Color points by value of

Lipase activity:

1.53 [N s.05

Predicted vs. Actual

Predicted

Actual

Figure 1: Normal probability plot of the residuals.
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Figure 2: Residual values versus the predicted responses.
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Figure 3: Time-based effects in the responses.

Figure 4: Actual responses versus the predicted data.

Since the “p values” underscores the importance
of coefficients and are very crucial in appreciating the
configuration of mutual interface amongst variables. In
this regard, the interfacial effects and optimum levels of
the variables were ascertained by producing the response
surface curves. The contour and fitted response for the
established regression model were represented in Figures
5 to 9. The 3 D response surface curves were produced to
appreciate the interactions of medium constituents and
their possible effect on the expression of lipase. The graphs
underscore the characters played by diverse factors and
some physical constraints.

Figure 5 reveals the response surface plot obtained
as a function pH and substrate concentration, while
other variables were kept constant. An increase in
lipase activity was recorded at pH 8.5 and substrate
concentration of 2.75% v/v. The response surface plot
obtained as a function of temperature and substrate
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concentration is demonstrated in figure 6. We observed
an increase in lipase yield at temperature of 452C and
substrate concentration of 2.75% v/v. Figure 7 reveals
response surface plot showing interaction between
agitation speed and substrate concentration. An increase
in lipase yield was recorded at agitation of 150 rpm and
substrate concentration of 2.75% v/v. Data in figure 8
shows the interaction between temperature and pH of the
production medium. Highest lipase yield was observed
at a temperature of 45°C and pH of 8.5. The 3D response
surface plot showing interaction between agitation and
pH for lipase production is demonstrated in figure 9,
an increase in lipase yield was observed at agitation of
150 rpm and pH of 8.5. Figure 10 shows the interaction
between agitation speed and temperature. An increase in
lipase activity was observed at agitation of 150 rpm and a
temperature of 45°C.

Figure 5: 3D response surface plot showing interaction
between pH and substrate concentration for lipase
production in CCD by Aspergillus flavus.

Figure 6: 3D response surface plot showing interaction
between temperature and substrate concentration for

lipase production in CCD by Aspergillus flavus.
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Figure 7: 3D response surface plot showing interaction
between agitation and substrate concentration for
lipase production in CCD by Aspergillus flavus.

Figure 8: 3D response surface plot showing interaction
between temperature and pH for lipase production in
CCD by Aspergillus flavus.

Figure 9: 3D response surface plot showing interaction
between agitation and pH for lipase production in CCD
by Aspergillus flavus.
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Figure 10: 3D response surface plot showing interaction
between agitation and temperature forlipase production
in CCD by Aspergillus flavus.

Response surface methodology (RSM) has been utilized
by numerous authors for the optimization of myriad
secondary metabolites produced by microorganisms [2].
This technique has been very efficient and successful. While
taking into consideration the interface of the independent
variables and controlling the numbers of experiment
required, the Central composite design maximizes the
quantity of information that could be attained [11,18,19].

This research has validated the application of
a multifactorial statistical strategy for defining the
fermentation conditions which resulted in the maximum
yield of lipase production from a newly isolated Aspergillus
flavus. Through the application of RSM in lipase production by
Aspergillus flavus, optimal susbtrate concentration, agitation,
and temperature and pH were established as factors that
play significant roles in the medium. Evidently, enzyme
decomposition could be observed as a result of interface with
other constituents of the medium if the incubation period
is extended [2]. Under stationary conditions, we observed
a decline in enzyme production (1.53 U/mg), which might
not be unconnected to inadequate mixing and relapse in
dissolved oxygen concentration [20].

Low concentration of substrates does not trigger the
activity of enzymes because majority of the enzyme may not
be exposed to the substrate, in other words the substrate
might not bind to the active site of the enzyme. Optimum
substrate concentration usually leads to an increase in
enzyme activity because equilibrium is sustained between
the enzyme and the substrate [21]. On the contrary, high
substrate concentration may likely cause inhibition of the
substrate, which in turn reduces the activity of the enzyme
[22,23]. In this study, an optimum substrate concentration of
2.75% v/v was established, which led to a maximum lipase
activity of 5.05 U/mg. Similarly, we observed maximum
lipase production of 5.05 U/mg when we supplemented
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yeast extract (5 g/L) at optimum levels. Yeast extract
contains intricate nutrients like lipids, nucleic acid, vitamins
etc. which perhaps, might be essential for the growth and
ultimate production of diverse secondary metabolites
from microorganisms. Kole, et al. [24], reported that yeast
extract is an essential nutrient required by microorganisms
for enhanced expression of enzymes and other secondary
metabolites.

This work also highlights the capability of Aspergillus
flavus for the production of lipase. Response surface curves
are handy and efficient in envisaging the interaction and
effects of factors. The optimal culture medium established
in this study provides a template for further research for
possible large-scale production of enzymes or any secondary
metabolite from Aspergillus flavus.

Conclusion

In this study, response surface methodology and
factorial design was used to optimize medium components
for enhanced lipase production. The validity of the obtained
model obtained was evaluated by exploring diverse pertinent
statistical indexes like F-value, coefficient of variation
(C.V), lack of fit, coefficient of determination (R?), Adj-R?
and predicted R? which revealed that the proposed model
is statistically adequate. Based on the proposed model, a
suitable correlation quadratic polynomial equation was
developed. This study established agitation speed of 150
rpm, substrate concentration of 2.75% v/v, temperature
of 45 °C and pH 8.5 as optimum medium conditions for
enhanced lipase production. Finally, an optimal interaction
among the optimized variables which led to a maximum
lipase production was recorded.
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