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The production of extracellular lipase from the Antarctic bacterial isolate, Pseudomonas sp. INK1, by solid
state fermentation using agricultural residues as substrate was evaluated. Among the substrates tested,
soybean meal was most favorable for the lipase production, increasing the enzyme activity 1.7- and 2.5-fold
in comparison with wheat bran and corn flour, respectively, and it was chosen for further work. Maximum
lipase production (7,553 * 235 U/g) was observed at 84 h of fermentation. Lipase production was optimal at
moisture content of 71.4%, pH of 6-7, and inoculum size of 6%. The addition of maltose as the carbon
source and peptone as the nitrogen source was most effective for enhancing lipase production. This solid
state fermentation is meaningful in converting inexpensive agricultural residues into highly valued
biotechnological products such as lipase. It may benefit the conventional sector of crop agriculture.
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INTRODUCTION

Lipases (glycerol ester hydrolases, E.C. 3.1.1.3), which
mainly initiate the hydrolysis of insoluble triacylglycerols
to free fatty acids, mono and diacylglycerols and glycerol
(Rigo et al. 2010), have a broad spectrum of applications
in the food, detergent, cosmetic, pharmaceutical and
energy industries (Sharma et al. 2001; Ranganathan et al.
2008; Treichel et al. 2010) and they occupy the third major
group after proteases and amylases in the global enzyme
market (Rigo et al. 2010). Although lipases are ubiquitous
in animals (Shimokawa et al. 2005), plants (Villeneuve
2003) and microbes (lonita et al. 1997; Mahadik et al. 2002;
Burkert et al. 2004), microbial lipases are most favorable
for industrial applications, due to their ease of mass
production and inexpensive fermentation techniques as
well as their competent stability and substrate specificity
(Contesini et al. 2010; Rajan and Nair 2011).

Recently, solid state fermentation (SSF) characterized
by the growth and metabolism of microbes on moist
solids without any free flowing water, has been regarded
as an efficacious tool to produce diverse bio-products
such as feeds, organic acids, bio-pulp, aroma compounds,
enzymes, antibiotics, compost, bio-fertilizer and bio-

pesticides. It has several merits, including the use of
inexpensive agricultural residues, application using
simple equipment, and reduced environmental concerns
(Balaji and Ebenezer 2008; Chaturvedi et al. 2010; Rajan
and Nair 2011). In particular, soybean meal, which is the
most important protein supplement of global livestock
feeding as the representative agricultural residue of
edible oil extraction (Stein et al. 2008), has great potential
as substrate for SSF in producing biotechnological
products such as enzymes, antibodies, bio-pesticides and
vitamins (Rigo et al. 2010). So far, most studies concerning
SSF for microbial lipase production have been conducted
using fungal strains (Mahadik et al. 2002; Falony et al.
2006; Balaji and Ebenezer 2008) due to their better
resistance to low moisture content (Oliveira et al. 2016).
However, little data are available on lipase production in
SSF using bacterial Pseudomonas species, despite the fact
that they are
applications of the enzyme (Wang et al. 2009). The
objective of this work is to evaluate the production
conditions of lipase under SSF using soybean meal by the
Antarctic bacterial isolate Pseudomonas sp. INKI.

prominent sources for industrial
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MATERIALS AND METHODS

Reagents

The substrate, p-nitrophenyl palmitate (pNPP) for lipase
assay was obtained from Sigma-Aldrich (St. Louis, MO,
USA). Peptone, tryptone, yeast extract, tryptic soy broth
and Bacto agar were purchased from BD Bioscience
(Sparks, MD, USA). All other chemicals used in this
study were of analytical grade and were procured from
Sigma-Aldrich.

Microorganism and Inoculum

The bacterial strain Pseudomonas sp. INK1, described in
a previous study (Park and Cho 2012), was used for
lipase production. It was routinely grown on tryptic soy
agar made up of tryptic soy broth and 1.5% bacto agar
at 28 °C for 24 h for inoculum preparation. A single
fresh colony of the growth was amplified in a 50 mL
falcon tube containing 5 mL of tryptic soy broth at 28 °C
for 12 h on a rotary shaker (220 rpm). One percent of the
culture was transferred to a 250 mL Erlenmeyer flask
containing 50 mL of the medium, followed by
incubation for 24 h. This preculture was used as
inoculum for further solid state fermentation.

SSF

Commercial quality wheat bran, soybean meal, and corn
flour were initially evaluated for selection of an
appropriate solid substrate in the fermentation. Briefly,
10 g of the substrate was placed in 250 mL Erlenmeyer
flasks. The initial pH and moisture content was 5.5-6.0%
and 50%, respectively. After autoclaving at 121 °C for 15
min, the flasks were inoculated with 4% inoculum and
incubated at 28 °C with vigorous shaking (220 rpm).

Proximate components of the soybean meal were:
dry matter, 89.98%; crude protein, 47.73%; crude fiber,
3.89%; ether extract, 1.52%; acid ether extract, 2.86%;
and ash, 6.27%. Unless otherwise stated, SSF was
performed solely using 10 g soybean meal (71.4%
moisture content) in 250 mL Erlenmeyer flasks with 6%
inoculum, followed by incubation at 28 °C. The effects of
various physicochemical parameters including substrate
moisture content (33-80%), incubation time (0-120 h),
pH (5-8) and inoculum size (1-20%) were investigated
for the optimum production of lipase by Pseudomonas
sp. INKI1. Additionally, studies were conducted to
evaluate the influence of different carbon (glucose,
sucrose, galactose, lactose and maltose; final
concentrations 1%) and nitrogen (peptone, tryptone,
yeast extract, urea, sodium nitrate; final concentrations
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1%) sources on enzyme production.
Crude Enzyme Preparation

Enzyme extracts were obtained by mixing a weighed
quantity of the fermented matter with 40 mL of cold
distilled water, and then shaking the mixture on a rotary
shaker (220 rpm) at 28 °C for 1 h. The suspension was
centrifuged at 4 °C for 10 min at 5,000 rpm, and the
supernatant was used for the lipase assay.

Lipase Assay

Lipase activity was assayed at 50 °C for 15 min in a
reaction mixture that consisted of 1.78 mL solution
containing 0.1 M NaCl and 0.5% Triton-X100 in 50 mM
Tris-HCl (pH 7.4), 20 pL of 13 mM p-nitrophenyl
palmitate and 0.3 mL of the crude enzyme. The amount
of liberated
spectrophotometrically at 410 nm. One unit (U) of the
enzyme activity was defined as the amount of enzyme

p-nitrophenol was monitored

required to liberate 1 nmol of p-nitrophenol per second
under the given conditions and was expressed as U/g of
dry substrate in SSF.

Statistical Analysis

The results were subjected to a one-way analysis of
variance using PROC GLM (SAS 9.4, SAS Institute Inc,
Cary, NC, USA) to test for significant differences
between treatments with the Duncan’s multiple range
test. The probability levels used for statistical significance
were P<0.05 for all tests.

RESULTS AND DISCUSSION

Substrate Selection

Among the substrates tested, soybean meal was most
favorable for lipase production by SSF, with significant
1.7- and 2.5-fold increases (both P<0.05) of the enzyme
activity in comparison with wheat bran and corn flour,
respectively (Table 1). Accordingly, it was chosen for
further work.

Time Course of Lipase Production by SSF

The highest lipase production (7,553 + 235 U/g) was
found (P < 0.05) at 84 h (Fig. 1). After that, it steeply
decreased, which may be due to the depletion of
substrate as previously observed in the yeast, Yarrowia
lipolytica (Babu and Rao 2007; Imandi et al. 2013) and
with the bacteria, Bacillus subtilis (Chaturvedi et al. 2010)
and Bacillus pumilus (Sangeetha et al. 2011). Lipase
production by SSF using pure soybean meal as substrate
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Table 1. Lipase synthesis by Pseudomonas sp. INK1 on
different solid substrates.

Solid Substrate Enzyme Activity (U/g)
Wheat bran 337 £ 62°
Soybean meal 579 + 32?2
Corn flour 231+ 97°

One unit (U) of the enzyme activity was defined as the
amount of enzyme required to liberate 1 nmol of p-
nitrophenol per second under the given conditions and
was expressed as U/g of dry substrate in SSF.

ab\Means lacking common superscripts differ significant-
ly (P<0.05). Data were expressed as mean + standard
errors from three experiments.

and the fungus, Penicillium simplicissimum yielded
enzyme activity of 21.0 U/g at 48 h of fermentation (Di
Luccio et al. 2004), which was much lower than our result
(5625 + 43 U/g).

Effect of Initial Moisture Content in SSF

The maximum yield of lipase was found (P<0.05) when
moisture content was 71.4% (Fig. 2), similar to the
previous results using Bacillus subtilis (Chaturvedi et al.
2010), Streptomyces sp. TEM33 (Cadirci et al. 2016),
Curvularia sp. DHE 5 (EI-Ghonemy et al. 2017) or
Rhizopus sp. (Riyadi et al. 2017). In addition, a drastic
reduction in enzyme yield occurred (P<0.05) at very high
moisture level (over 75%), which may be associated with
the steric hindrance of microorganism growth due to lack
of available inter-particle space in substrate and
decreased porosity (Rajan and Nair 2011). In contrast, the
highest yield was obtained at 80% moisture content for
the lipase production by Yarrowia lipolytica (Babu and
Rao 2007).

Effect of Initial pH on Enzyme Production

The initial pH of the fermentation is one of the most

important factors for the optimal growth of
microorganism and the efficient production of
extracellular enzyme (Prakasham et al. 2006). The highest
yield was observed at pH 6 and the effect lasted by pH 7
(Fig. 3). In addition, the optimum pH for the lipase
production by SSF using Pongamia pinnata seed cake as
substrate in Bacillus pumilus (Sangeetha et al. 2011) and
using wheat bran in Curvularia sp. DHE 5 (El-Ghonemy

et al. 2017) has been reported to be pH 7.0.
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Fig. 1. Time course of the INK1 lipase production in
SSF using soybean meal. “Means lacking
common  superscripts  differ  significantly
(P<0.05). Data were expressed as mean =*
standard errors from three experiments.
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Fig. 2. Effect of initial moisture content on the INK1
lipase production in SSF. *°Means lacking
common  superscripts  differ  significantly
(P<0.05). Data were expressed as mean *
standard errors from three experiments.

Effect of Inoculum Size on Enzyme Production

As shown in Figure 4, the optimal inoculum size for
fermentation was 6% (P<0.05). The lipase production was
significantly reduced at lower inoculum sizes (1-2%).
This may be due to the lack of cell number (Balakrishna
et al. 2017). Nevertheless, the highest lipase production
of Rhizopus sp. using SSF of palm kernel cake was
observed with 2% inoculum size (Riyadi et al. 2017). In
addition, the enzyme production was reduced at higher
inoculum sizes (10-20%) (Fig. 4). This may be due to
severe competition among cells toward nutrients
(Balakrishna et al. 2017).
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Fig. 3. Effect of initial pH of the fermentation medium
on the INK1 lipase production in SSF.
#°Means lacking common superscripts differ
significantly (P<0.05). Data were expressed
as mean + standard errors from three
experiments.
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Fig. 4. Effect of inoculum size on the INK1 lipase
production in SSF. *'Means lacking common
superscripts differ significantly (P<0.05). Data
were expressed as mean + standard errors
from three experiments.

Effect of Carbon Supplementation on Enzyme
Production

Lactose, galactose and maltose were effective in
enhancing enzyme activity (all P<0.05) and the maximum
yield with maltose was significantly greater than with the
other carbon sources (P<0.05) (Fig. 5). In a recent report,
the highest lipase production by Penicillium camemberti
was induced in SSF on rapeseed cake supplemented with
(Boratynski et al. 2018).
remarkable effect was found using sucrose and glucose.
Babu and Rao (2007) have reported that glucose had the
best impact on the lipase yield in Yarrowia lipolytica by
SSE.

lactose Meanwhile, no
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Fig. 5. Effect of different carbon sources on the INK1
lipase production in SSF. Fermentation medium
without any carbon supplementation was taken
as control. *“Means lacking common
superscripts differ significantly (P<0.05). Data
were expressed as mean + standard errors from
three experiments. One hundred percent (100%)
of the relative activity equates to 1,789 + 75 (U/
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Effect of Nitrogen Supplementation on Enzyme
Production

Among the nitrogen sources tested, peptone was best
(P<0.05) for lipase production (Fig. 6), in agreement with
the previous results of SSF
gloeosporiodes (Balaji and Ebenezer 2008) and Rhizopus
sp. (Riyadi et al. 2017). Presumably, peptone is relatively
rich in amino acids and co-factors essential to enhance
the microbial growth (Balaji and Ebenezer 2008). Other
organic nitrogen sources such as yeast extract and

in Colletotrichum

tryptone are relatively good for enzyme production,
which were also founded with Candida parapsilosis
(Balakrishna et al. 2017). However, urea and sodium
nitrate showed no remarkable effect on enhancing lipase
activity. Meanwhile, the addition of urea induced the
highest lipase yield in Yarrowia lipolytica by SSF (Babu
and Rao 2007: Imandi et al. 2013).

In conclusion, SSF strategy allows the conversion of
inexpensive agricultural residues into highly valued
biotechnological products such as lipase. It may extend
the conventional sector of crop agriculture. Further
study for scale up of the lipase production will be
warranted.
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Fig. 6. Effect of different nitrogen sources on the INK1
lipase production in SSF. Fermentation
medium without any nitrogen supplementation
was taken as control. ““Means lacking
common  superscripts  differ  significantly
(P<0.05). Data were expressed as mean =
standard errors from three experiments. One
hundred percent (100%) of the relative activity
equates to 3,039 + 158 (U/qg).
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