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ABSTRACT Lipase produced by Aspergillus is widely known and used in many industrial sectors. In a
previous study, three lipolytic filamentous fungi were isolated from Kendari (Southeast Sulawesi, In-
donesia) landfill soil and identified as Aspergillus niger KE1, Aspergillus terreus KC1, and Aspergillus
fumigatus KE6. However, the optimization of these isolates has not been reported. In this study,
statistical optimization was selected because it is more effective, efficient, economical, and robust in
achieving results, and the possibility of analyzing the interaction effects among factors. Three lipolytic
isolates were screened in the initial medium to obtain the highest lipolytic isolate, which was used in
the medium optimization process. Optimization was performed using the series experimental design
of Taguchi and RSM. Optimization successfully obtained the optimum medium with the reduction of
the medium component from the previously reported medium. Aspergillus niger KE1 was the selected
isolate with the highest lipase productivity after 72 h in the initial medium. The significant factors
affecting lipase production were peptone, olive oil, glucose, and MgSO4.7H2O. The model equation ob-
tained was Y = 1043 − 228 A + 300 B − 19803 C + 99 A*A + 5720 B*B + 292855 C*C − 979 A*B + 6563 A*C
− 56338 B*C. This model successfully predicted the lipase productivity with an R2 of 96.9%. The op-
timized medium was composed of 2% peptone, 0.1% olive oil, 0.5% glucose, and 0.075% MgSO4.7H2O.
Using the medium, lipase productivity increases 4.7-fold. Our results suggest that A. niger KE1 is a po-
tential lipase source which catalyses the esterification reaction. Further research is needed to purify
and characterize the lipase enzyme of this isolate.

© The Author(s) 2021. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION

Lipases (triacylglycerol hydrolase EC 3.1.1.3) catalyse the hy-
drolysis of triglycerides into fatty acids and glycerol. The
enzyme also catalyses the synthesis of esters through trans-
esterification, which is important in biodiesel production
(Chen et al. 2011). The most widely applied lipases are pro-
duced from microorganisms due to their thermal stability,
pH stability, substrate specificity, and activity in organic
solvents (Hasan et al. 2009; Costa and Peralta 1999). Fila-
mentous fungi are considered as a potential source of lipase
(Falony et al. 2006; Dutra et al. 2008; Thakur 2012). Some
advantages of using the filamentous fungi as extracellular
lipase producers are their capability to utilize agricultural
waste products as a source of nutrients, their ability to pro-
duce lipase in solid or broth media, and the simpler separa-
tionmethod of fungalmycelium from the produced enzyme
(Sharma et al. 2016).

Aspergillus has been known as the lipase producer that
is suitable to be used in many industrial sectors. A previ-
ous study by Yanti et al. (2019) obtained three lipolytic fil-
amentous fungi from this genus, namely Aspergillus niger
KE1, Aspergillus terreus KC1, and Aspergillus fumigatus KE6,
isolated from Kendari landfill soil. These filamentous fungi
were the selected lipolytic isolates according to qualitative
screening using the rhodamine B agar method. However,

the ability of these isolates in producing lipase quantita-
tively and their optimization is unknown.

Most extracellular lipase production is determined by
the composition of the production medium, which is es-
sential to supply nutrients for the microorganisms. Hence,
medium composition is selected as a parameter in the op-
timization process. Furthermore, in the optimization pro-
cess, the more factors used the greater the number of
experiments needed. Therefore, a statistical method is
needed to design these experimental processes. Taguchi
and response surface methodology (RSM) are two statis-
tical methods that are widely used to replace the conven-
tional approach, such as one factor at a time (Subramonian
et al. 2014). Taguchi is used to find the significant factor af-
fecting experimental response(s), while RSM is used to opti-
mize, to find the interaction between the significant factor,
and to build the equationmodel for predicting the optimum
response. Some studies have looked at the optimization of
lipase production statistically, such as the optimization of
the growth condition using FFD and RSM designs (Malilas
et al. 2013), and the optimization of an oil source using the
RSM design (Oliveira et al. 2017), but there are few reports
concerning the medium optimization of lipase production
by lipolytic filamentous fungi, statistically, using the series
experimental design of Taguchi and RSM. In the present
work, the screening of the highest lipase-producing lipoly-

A journal of the ASEAN Committee on Science and Technology PRINT ISSN 0217-5460 ONLINE ISSN 2224-9028 www.ajstd.org

mailto:m.ilmi@ugm.ac.id
https://creativecommons.org/licenses/by-sa/4.0/
http://astnet.asean.org/index.php?option=com_content&view=categories&id=8&Itemid=130
http://ajstd.org


tic filamentous fungi was firstly performed, some signifi-
cant factors were selected using the Taguchi design, and
these significant factors were further optimized using the
RSM design.

2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Microbial growth medium
Olive oil was obtained from a local market (Yogyakarta, In-
donesia). Potato dextrose agar (HiMedia), peptone (Ox-
oid), glucose (Merck), KCl (JT Beaker), K2HPO4 (JT Beaker),
andMgSO4.7H2O (BDH) were purchased at analytical grade
from chemical suppliers in Indonesia.

2.1.2 Chemicals for lipase assay
Ethanol (Merck), oleic acid (Merck), isooctane (Merck), pyri-
dine (Merck), and copper (II) acetate monohydrate (Merck)
were purchased at analytical grade from chemical suppliers
in Indonesia.

2.1.3 Microorganism and culture condition
Three lipolytic filamentous fungi isolated from Kendari
landfill soil in Southeast Sulawesi, Indonesia: A. nigerKE1, A.
terreus KC1, and A. fumigatus KE6. These isolates were pro-
vided by the Laboratory of Microbiology, Universitas Halu
Oleo, Indonesia. Pure isolates were kept in potato dextrose
agar medium (PDA).

2.2 Methods

2.2.1 Screening of the highest lipase-producing
filamentous fungi

Screening was carried out by growing isolates in the lipase
production initial medium based on a previous study (Ad-
ham and Ahmed 2009). The medium contained 3% (w/v)
peptone, 0.05% (w/v) MgSO4, 0.05% (w/v) KCl, 0.2% (w/v)
K2HPO4, 0.5% (v/v) olive oil, and 0.5% (w/v) glucose were
placed in 250 mL Erlenmeyer flasks. The flasks were inocu-
lated with spore suspension containing 106 spore/ml from
a 5-day-old culture grown on PDA and incubated at 30°C
with 100 rpm agitation. The culture was harvested every 24
h for 120 h to determine the best time of lipase production
of each isolate. All experiments were performed in tripli-
cate. One selected isolate with the highest lipase produc-
tivity would be used in the medium optimization process.

2.2.2 Experimental design for medium optimization.
Screening of significant factors using Taguchi design. An L27
orthogonal arraywas used to determinewhich factorswere
significant for lipase production. The factors and their lev-
els are shown in Table 1. The experiment was performed
in 250 mL shake flasks with 50 mL medium and incubated
at 30°C in a shaker (100 rpm) for 72 h. Lipase productivity
was measured after 72 h. All experiments were performed
in triplicate.

Optimization of significant factors using Box-Behnken design.
The significant factors were optimized using RSM. A Box-
Behnken design with three factors and three levels was
used for fitting a second-order response surface. The ex-
periment was performed in 250 mL shake flasks with 50 ml
medium and incubated at 30°C in a shaker (100 rpm) for 72

h. Lipase productivity was measured after 72 h. All experi-
ments were performed in triplicate.

Validation and productivity profile. The optimum predicted
productivity was obtained using a response optimizer in
RSM. Validation was performed by repeating the experi-
ment using the optimum medium solution. Spore suspen-
sion of the selected isolate was inoculated in this medium
and was incubated at 30°C at 100 rpm for 72 h. Lipase pro-
ductivity wasmeasured after 72 h. After that, the productiv-
ity profile was determined by growing the selected isolate
in the initial medium and optimizedmedium. Eachmedium
was incubated at 30°C at 100 rpm for 168 h, and was har-
vested after 12, 24, 36, 48, 72, 96, 120, 140, and 168 h of incu-
bation. All experiments were performed in triplicate.

2.2.3 Lipase assay and productivity measurement
The filamentous fungi biomass was harvested from 50 mL
medium by paper filtration method and dried in an oven at
70°C for 24 h. The weight of the biomass was measured in
grams. The extracellular lipase was estimated according to
the lipase activity in the supernatant. Lipase activity was
determined by incubating 100 μL filtrate with 1 mL isooc-
tane containing 0.25 M oleic acid and 0.25 M ethanol for 20
min at 30°C. The amount of oleic acid at 0 min and after 20
min was determined using the cupric-acetate pyridine col-
orimetric assay (Kwon and Rhee 1986). One unit of activity
(U) is defined as the amount of oleic acid (μmol/mL) con-
verted to product per minute. Lipase productivity (U/g) is
the ratio of lipase activity (U/mL) and biomass (g/mL).

2.2.4 Data analysis
All data were analyzed statistically at p < 0.05 using SPSS
Version 16 and Minitab Version 17. SPSS was used to per-
form the analysis of variance, while Minitab was used to an-
alyze the experimental results of the Taguchi design, build
the polynomial equation, and predict the optimal parame-
ters of the Box-Behnken design.

3. RESULTS

3.1 Screening of the highest lipase-producing
filamentous fungi

Screening of the highest lipase-producing isolate was done
quantitatively using the submerged fermentation method.
The spore suspension of each isolate was inoculated in the
initial medium and was incubated at 30°C with 100 rpm
agitation for 120 h. Lipase productivity was measured ev-
ery 24 h. The lipase productivity of the three lipolytic fila-
mentous fungi is shown in Figure 1. Aspergillus niger KE1
had the highest lipase productivity after 72 h incubation

TABLE 1. Factors and levels used in Taguchi design.

Factors Level 1 Level 2 Level 3

Peptone (%) 1.5 3.0 4.5
MgSO4.7H2O (%) 0.0 0.05 0.1
KCl (%) 0.0 0.05 0.1
K2HPO4 (%) 0.0 0.2 0.4
Olive oil (%) 0.25 0.5 0.75
Glucose (%) 0.0 0.5 1.0
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FIGURE 1. Lipase productivity of three lipolytic isolates in initial medium. Incubation was carried out at 30°C with 100 rpm agitation for 120 h.

FIGURE 2. Main effects plot for S/N ratio of lipase productivity; (A) pep-
tone, (B) MgSO4.7H2O, (C) KCl, (D) K2HPO4, (E) olive oil, and (F) glucose.

(331.95±12.76 U/g biomass). Thus, this isolate was used in
the medium optimization process.

3.2 Screening of significant factors using Taguchi design
Screening of significant factors was carried out by grow-
ing A. niger KE1 in various experimental designs of Taguchi.
The spore suspension of this isolate was inoculated in each
medium and was incubated at 30°C with 100 rpm agitation
for 72 h. Lipase productivity was measured after 72 hours
of incubation. The result of Taguchi analysis is shown as
the main effect plot for the S/N ratio of lipase productiv-
ity in Figure 2. Analysis of variance (ANOVA) showed that
peptone, olive oil, glucose, MgSO4.7H2O, and the interac-
tion factors of olive oil and glucose were significant with a
p value < 0.05 (Table 2). All of these these factors can be
used in a further optimization process.

3.3 Optimization of significant factors using Box-Behnken
design

Optimization of significant factors was done by growing A.
niger KE1 in various experimental designs of Box-Behnken
in RSM. The spore suspension of this isolate was inoculated
in eachmediumandwas incubated at 30°Cwith 100 rpmag-
itation for 72 h. Lipase productivity was measured after 72
h of incubation. The responses (productivity) for each ex-
periment along with the predicted responses are listed in
Table 3. Response surface regression was employed to fit
the polynomial equation to the experimental data (Equation

TABLE 2. ANOVA analysis of each factor using Taguchi design.

Factors DF SS MS F-value P-value

Peptone 2 60.798 30.399 10.13 0.004
K2HPO4 2 26.598 13.299 4.43 0.042
KCl 2 15.460 7.730 2.57 0.125
K2HPO4 2 3.867 1.933 0.64 0.546
Olive oil 2 47.997 23.998 7.99 0.008
Glucose 2 45.000 22.500 7.49 0.010
Olive oil*Glucose 4 44.114 11.029 3.67 0.043
Error 10 30.022 3.002
Total 26 273.855

Note: DF = degrees of freedom, SS = sum of squares, MS = mean square.
R2 = 0.89, adjusted R2 = 0.715.

1). The results of the analysis of variance (ANOVA) are sum-
marized in Table 4. The ANOVA showed that the model had
a low p value (p < 0.05), indicating that the obtained model
was significant. The values of coefficient of determination
(R2) was calculated to be 0.969 and showed no lack of fit
for the model, so this polynomial equation was reliable and
can be used to predict the lipase productivity. The p values
of each factor and their interactions were also checked. As
shown in Table 4, three linear coefficients of A, B, and C (p <
0.05), tow quadratic coefficients of B2 and C2 (p < 0.05), and
the interaction factors of B and C (p < 0.05) were significant
to the lipase productivity. Generally, the experimental pro-
ductivity and predicted productivity were similar accord-
ing to the distribution of the experimental points near to
the trendline of the predicted productivity (Figure 3, data
from triplicate).

Y = 1043 − 228 A + 300 B − 19803 C + 99 A∗A + 5720 B∗B

+ 292855 C∗C − 979 A∗B + 6563 A∗C − 56338 B∗C
(1)

where Y is lipase productivity (U/g biomass), A is peptone
(%), B is olive oil+glucose (%), and C is MgSO4.7H2O.

3.4 Validation and productivity profile
Validation was performed by repeating the experiment us-
ing the optimum medium condition. Spore suspension of
the selected isolate was inoculated in this medium and was
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TABLE 3. Experiment design with experimental and predicted values of
productivity.

Runs Factors Productivity (U/g biomass)

A (%) B (%) C (%) Experimental Predicted

1 1 0.1:0.5 0.05 726.21 724.77
2 2 0.1:0.5 0.05 930.32 978.41
3 1 0.4:0.5 0.05 558.66 516.35
4 2 0.4:0.5 0.05 469.15 475.79
5 1 0.25:0.5 0.025 557.29 610.04
6 2 0.25:0.5 0.025 637.65 567.30
7 1 0.25:0.5 0.075 649.12 763.59
8 2 0.25:0.5 0.075 1033.41 1019.40
9 1.5 0.1:0.5 0.025 645.07 656.41
10 1.5 0.4:0.5 0.025 721.58 678.20
11 1.5 0.1:0.5 0.075 1251.55 1336.55
12 1.5 0.4:0.5 0.075 708.39 603.72
13 1.5 0.25:0.5 0.05 539.89 522.98
14 1.5 0.25:0.5 0.05 592.60 522.98
15 1.5 0.25:0.5 0.05 482.22 522.98

Note: A = peptone, B = olive oil+glucose, C = MgSO4.7H2O.

incubated at 30°C with 100 rpm agitation for 72 h. Both
the experimental and predicted optimum medium condi-
tion and optimum productivity are given in Table 5. The ex-
perimental value obtained was 1570.34 U/g biomass (mean
of triplicate), which was very close to the predicted value
of 1595.98 U/g biomass, thus the validation was successful,
and the equation was adequate to describe lipase produc-
tivity by response surface methodology.

The productivity profile was determined by growing
the selected isolate in the initial and optimizedmedia. Each
medium was incubated at 30°C at 100 rpm and harvested
after 12, 24, 36, 48, 72, 96, 120, 140, and 168 h of incubation.
The lipase productivity profile of A. niger KE1 in both initial
and optimized media is shown in Figure 4. The optimum
lipase productivity was obtained at 72 h. After optimiza-
tion, it increased 4.7-fold (373%) from the initial medium,
as 331,95±12,76 U/g biomass to 1570.34±22.48 U/g biomass.

4. DISCUSSION

4.1 Aspergillus niger KE1 as selected lipase-producing
fungi

Aspergillus niger has been known as one of the potential
lipase-producing filamentous fungi. Many studies reported
that this species has great lipase activity, both using the
submerged fermentationmethod and solid-state fermenta-
tion with the addition of olive oil theas carbon source and
inducer (Thakur 2012; Cihangir and Sarikaya 2004; Sharma
et al. 2001). In lipase production, incubation time pla anys
important role (Ayinla et al. 2017)

As shown in Figure 1, the production of lipase increased
steadily and reached its maximum productivity after 72 h
by A. niger KE1. Lipase productivity gradually decreased as
the incubation time increased further. This result substan-
tiated thework ofMukhtar et al. (2015), which showed a sim-
ilar pattern of this lipase productivity. Lipase productivity
at the initial incubation time was low due to adaptation of
the fungus to the newmedium. Fungal spores need time for
germination and to form hypha. Further incubation time

TABLE 4. ANOVA analysis for response surface quadratic model.

Factors Degrees of
freedom

Sum of
squares

Mean
squares

F-value P-value

Model 9 810060 90007 17.44 0.003
A 1 45521 45521 8.82 0.031
B 1 227650 227650 44.10 0.001
C 1 137364 137364 26.61 0.004
AA 1 2241 2241 0.43 0.539
BB 1 61162 61162 11.85 0.018
CC 1 123699 123699 23.96 0.004
AB 1 21553 21553 4.18 0.096
AC 1 26917 26917 5.21 0.071
BC 1 178534 178534 34.59 0.002
Lack of Fit 3 18644 6215 1.73 0.386
Error 2 7165 3583
Total 14 835869

Note: R2 = 0.969, adjusted R2 = 0.913, A = peptone, B = olive oil+glucose, C
= MgSO4.7H2O.

would decrease the metabolic activity due to the depletion
of nutrients or accumulation ofmetabolic toxins, hence the
productivity also decreases (Imandi et al. 2010). In addition,
Ayinla et al. (2017) stated that a decrease in lipase produc-
tion may likely be due to the proteases secreted by the fun-
gus, which can cleave and inactivate lipase.

4.2 Significant factors in lipase production from A. niger
KE1

As shown in Figure 2 and Table 2, peptone, MgSO4.7H2O,
olive oil, and glucose were the significant factors for the
lipase productivity of A. niger KE1. Those factors have their
own important roles in lipase production. Bora and Bora
(2012) stated that the release of NH4+ ions from peptone
will stimulate the growth and then can increase the enzyme
yield. Other reports also stated that peptone was the best
organic nitrogen source for lipase production in Fusarium
verticillioides, A. carbonarius IMI 366159, and Trichoderma
citrinoviride (Facchini et al. 2015; Ire and Ike 2014; Akyıl and
Cihangir 2018).

MgSO4.7H2Oprovidesmagnesium and sulphur sources.
This mineral salt is needed to maintain the osmotic balance
and provide the appropriate cationic environment. Mag-
nesium can stabilize the ribosome structure, nucleic acid,
enzyme activation in hydrolysis, and phosphate transport,
while the reduction of sulphate is used to form cysteine
(Hughes and Poole 1989; Griffin 1981).

Many studies have also reported that lipase production
increased and gave optimumproductivity with the addition
of olive oil. Besides serving as a carbon source, olive oil is
used as an inducer for lipase production in some fungi, such
as Rhizopus homothallicus, A. niger AC-5, A. awamori, A. ter-
reus, and (Rodriguez et al. 2006; Brooks and Asamudo 2011;
Xia et al. 2011; Iftikhar et al. 2012; Mahmoud et al. 2015). Al-
though the utilization of olive oil as a carbon source can
increase lipase production, many studies also found that
some filamentous fungi need the addition of glucose in the
medium to maximize their lipase production. Glucose is
considered to be important in supporting hypha growth, es-
pecially as a component of cell wall building blocks.

Some fungi need the mixture of glucose and olive oil
as a carbon source to maximize lipase production; for ex-

24 Rayani and Ilmi



FIGURE 3. Parity plot of experimental and predicted of lipase productiv-
ity.

FIGURE 4. Lipase productivity obtained using initial and optimum media.
Incubation was performed at 30°C with 100 rpm for 168 h.

ample,Mucor racemosus needs the mixture of glucose and
olive oil at a concentration of 0.5%:5%, respectively (Nadia
et al. 2010). Other research has reported that lipase pro-
duction increased up to 36% in A. niger MTCC2594 when
using the mixture of two carbon sources from groundnut
oil cake and wheat bran (1:3) (Mala et al. 2007). Although
glucose was significant at its low level, its interaction with
olive oil was significant at concentrations of 0.5 and 0.25%,
respectively (data not shown). Hence, glucosewas still used
in the optimization process.

The other factors, KCl and K2HPO4, were not signifi-
cant. Some studies also reported that these factors were
not significant in lipase production (Awad et al. 2015; Teng
and Xu 2008). According to the screening result obtained,
four significant factors were selected to be used in the op-
timization process, while the rest was reduced or not used
in the next optimization process.

4.3 Optimization of significant factors
After obtaining the significant factors, these factors were
further optimized in RSM, especially using the Box-
Behnken design. The polynomial equation (Equation 1) was
suitable to describe the actual condition according to the
results of ANOVA (Table 4). The equation had a significant

value (p < 0.05). This value described that themodel inaccu-
racywas less than 5%. The equation also had no lack of fit (p
> 0.05), which showed that the estimated response surface
could represent the actual condition. Furthermore, the
model also had a high coefficient determinant (R-squared =
96.9%), which indicated that the effect of the factors on the
responses was 96%, while the rest were affected by error
(Ross 2010). Hence, it can be concluded that the polynomial
equation was reliable and can be used to predict the lipase
productivity.

The experimental lipase productivity was similar to the
predicted productivity. As shown in Figure 3, the distribu-
tion of the experimental points near to the trendline of the
predicted productivity indicated that the experimental pro-
ductivity can be accepted (Sridevi et al. 2011).

4.3.1 Validity of the model and optimum lipase
productivity

The optimum lipase productivity was predicted using the
response optimizer in RSM. The response optimizer is one
of the RSMoptions in theMinitab software, which is used to
analyze and predict the optimum responses. The output of
the predicted result was shown as the optimumpoints solu-
tion of each factor and the value of the optimum response
(Table 5). According to the validation result obtained, the
value of experimental productivity was similar to that of the
predicted productivity (Table 5), so the validation was fit
and was successful.

According to Figure 4, the lipase productivity profile of
A. niger KE1 showed that both media had a similar perfor-
mance, such as low at the first incubation period (12–24 h),
optimum at 72 h, and subsequently decreasing until 168 h
of incubation period. The increase of lipase productivity
using the optimized medium was 4.7-fold (373%) after 72 h
compared with the productivity using the initial medium.
This result was higher than in previously reported studies
(Jia et al. 2015; Ayinla et al. 2017; Wang et al. 2008).

The optimum medium only contained 2% peptone,
0.5% glucose, 0.075% MgSO4.7H2O, and 0.1% olive oil. In
thismedium, peptone as the only nitrogen source is needed
in higher concentrations to fulfil the needs of synthesis es-
sential molecules, especially enzymes. Ghosh et al. (1996)
reported a similar result, wherein the maximum lipase pro-
duction of A. niger, Mucor racemosus, and Rhizopus nigri-
cans was obtained in a medium containing 2% peptone.

The addition of olive oil in appropriate amounts can
increase lipase production. However, in some microor-
ganisms, higher olive oil concentration can inhibit lipase
production. According to our results, our isolate can pro-
duce optimum lipase productivity in amedium containing a
small amount of olive oil. Some research has reported that
0.1% olive oil resulting in maximum lipase production in
Penicillium expansum, Penicillium citrinum, and Geobacil-
lus thermodenitrificans (Stöcklein et al. 1993; Maliszewska
and Mastalerz 1992; Balan et al. 2012).

TABLE 5. Validation of obtained polynomial equation (see Equation 1) from Box-Behnken design.

Peptone (%) Olive oil+glucose (%) MgSO4.7H2O (%) Productivity (U/g biomass) 95% CI 95% PI

Predicted Experimental

2 0.1:0.5 0.075 1595.98 1570.34 1377.8; 1814.2 1310.1; 1881.8

Note: CI = confidence interval, PI = predicted interval.
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The higher concentration of glucose than olive oil in
the optimizedmediummay likely be due to the utilization of
glucose by filamentous fungi to support their growth. Glu-
cose, as a carbon source, is used to enhance hypha growth
at the beginning of fermentation (Bindiya and Thiruveedula
2012). Furthermore, Jagtap et al. (2010) found that the in-
crease in lipase production occurred when using the com-
bination of glucose and MgSO4.7H2O, as carbon and min-
eral salt sources, respectively.

The optimized medium was considered more efficient
with the reduction of some insignificant factors for lipase
productivity. The optimized medium gave optimum lipase
productivity though it only contained some components
compared with the previous medium reported by Adham
and Ahmed (2009). In addition, the utilization of a small
amount of olive oil in the optimizedmedium can reduce the
production cost, so it is useful to be applied in the industrial
sector.

5. CONCLUSION
In this study, medium optimization of lipase productivity by
A. nigerKE1 was carried out by combining Taguchi and RSM
designs. Lipase productivity was successfully increased
with the reduction of medium components. Peptone, glu-
cose, olive oil, and MgSO4.7H2O were significant factors
according to Taguchi analysis and these factors were op-
timized in RSM. The optimized medium was composed
of 2% peptone, 0.5% glucose, 0.1% olive oil, and 0.075%
MgSO4.7H2O. Using the optimal condition, lipase produc-
tivity was up to 1570.34 U/g biomass, 4.7-fold higher than
when using the initial medium. Meanwhile, the adequate
polynomial equation predicted the lipase productivity suc-
cessfully. Our results suggest that A. niger KE1 isolated
from Kendari landfill soil is a potential lipase source that
catalyses the esterification reaction. Further optimization
research using various growth conditions is needed to ob-
tain the optimal growth condition andmaximize lipase pro-
duction. The purification and characterization of the lipase
enzyme from this isolate is also needed to determine the
enzyme properties.
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