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Recent awareness of the direct disposal of waste cooking oil to the sewer system enhanced the
development of eco-friendly approaches of spent lipids treatments. Among many, the bioremediation of
waste cooking oil by the hydrolytic action of their natural biocatalysts, lipases, was proposed. Therefore,
in this study the potential bioremediation of waste corn oil using extracellular lipases produced by
indigenous fungal isolates was evaluated under their optimum and most stable operation conditions.
Subsequently, the production of the extracellular lipase that showed the highest degree of waste oil
hydrolysis produced by Monascus purpureus W7 was optimized and its potential use in bioremediation
of waste corn oil was restudied. Approximately the 3 folds enhancement in the extracellular enzyme
production that recorded after stepwise optimization of the enzyme production reflected as 3.7 times
enhancement in the waste corn oil hydrolysis with 87.6% hydrolysis degree. The recent results
supported the employment of the extracellular lipase from Monascus purpureus W7 for the

bioremediation of used cooking oil.
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INTRODUCTION

Waste lipids are continuously produced
worldwide in huge amounts by houses,
restaurants, food industry and other means
(Okino-Delgado et al., 2017). At the same time,
the direct dumping of the spent fat, oil and grease
(FOG) from the source points into the sewer
system is still the most common disposal practice
in many countries. As a growing concern to
municipalities, recent alertness of fat, oil and
grease disposable practices and its connected
environmental issues were pointed out to increase
public awareness about this issue (Yau et al.,
2018; Wallace et al., 2017). On the other hand,
the calls for the development of an international
FOG management programs for effective and
proper handling of FOG wastes stressed on
considering them as valuable resources rather

than just wastes (Wallace et al., 2017). In
common, these management programs
emphasized on direct sink disposal prevention,
proper collection, treatment, recycling and
valorization of waste lipids as their main outlines.
Research developments pertaining to eco-
friendly approaches of spent lipids treatment,
recycling and valorization concentrate largely on
their use as feedstocks for either biodiesel
production (Pinotti et al., 2018; Vescovi et al,,
2016) or for making a derived fuel (Chang et al.,
2018). Further investigations were elaborated on
using microbial pretreatment of domestic FOG
wastewater through oil biodegradation using
bacteria and fungi for obtaining less toxicity and
amendment of their biodegradability (Affandi et
al., 2014; Wu et al., 2009; Takeno et al., 2005). In
addition, it was used as nutritional ingredient in
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several microbial cultures to produce
biotechnological valuable materials such as lipid-
rich biomasses, bioplastics, rhamnolipid
biosurfactant,  biolubricants,  carotene  and
methane (Papanikolaou et al., 2011; Nascimento
et al., 2018; Kamilah et al., 2018; Ozdal et al.,
2017; Chowdhury et al., 2013; Nanou et al., 2017;
Liu et al., 2018). Further appealing applications for
waste cooking oil recently stated, was being a
modifier and for the rejuvenation of aged asphalt
(Singh-Ackbarali et al., 2017; Zhang et al., 2017).
However, the bioremediation of waste cooking
oil by the hydrolytic action of their natural
biocatalysts, lipases, still another promising
approach to be intensified. The application of
enzymatic hydrolysis of FOG in wastewater as
function of lipases were early reported in sewage
disposal plants in United States (Rosa et al,
2006). Lipases (EC 3.1.1.3) are hydrolytic
enzymes that naturally breakdown lipids into free
fatty acids and glycerol both of which are highly
valuable products utilized in several oleochemical
industries (Preczeski et al., 2018). The generated
fatty acids and crude glycerol from the lipolytic
hydrolysis of waste lipids successfully used as
lubricant and biodiesel feedstock options
(Chowdhury et al., 2016; Vescovi et al., 2016; Xu
et al., 2016). On the other hand, crude glycerol
produced as a by-product from enzymatic
hydrolysis of waste cooking oil was used as a C-
source in several microbial cultures for lactic acid
(Yuwa-amornpitak and Chookietwatana, 2018) 1,3
and 1,2-propanediol, ethanol, single cell oil,
biosurfactants, organic acids and polyols
production (Dobson et al.,, 2012; Nicol et al.,
2012). However, several commercially available
lipases or produced by isolated microorganisms
were specifically explored as catalysts in the
hydrolysis of various waste lipids under different
conditions. As each kind of waste lipids has its
own chemical and physical properties, the search
for a suitable biocatalyst for each is still ongoing
field of research (Allimoun et al., 2015: Al-Limoun
et al.,, 2018). To date, not much information is
available on lipases produced by Monascus
purpureus. Therefore, in the present investigation,
production and potential of extracellular lipases
from potent lipolytic indigenous Monascus
purpureus W7 in comparison to other fungal
isolates were evaluated as biocatalysts in
enzymatic bioremediation of waste corn oil.

MATERIALS AND METHODS

Fungal strains and extracellular
production media

Through primary screening of 15 soil samples
collected from olive oil mills in Al-Karak province,
south of Jordan, 34 fungal strains were isolated
and purified on PDA plates. The isolated fungal
strains were further screened for extracellular
lipase production in broth cultures containing olive
oil or Tween 80 as enzyme inducers. The basal
culture media (pH 7.0) composed of 0.5% (w/v)
starch, 1.0% (w/v) yeast extract, 0.3% (w/v)
Tween 80 or 1.0% (w/v) olive oil and 0.5% (w/v)
NaCl. The media were inoculated with 1.0 mL of
standard inocula of 10* spore suspension and
incubated at 30°C and 150 rpm agitation speed in
shaker incubator (Incu-Shaker 10L, Benchmark,
Germany) for 96 hrs. Among them, the fungal
strains coded as W7, W5H, WX and W5D that
produced the highest extracellular lipases were
chosen for further evaluation of their extracellular
lipases as potential biocatalyst in used corn oll
hydrolysis. The identities of the four potent
isolates were revealed using internal transcribed
spacer (ITS) sequencing (GENWIZ, USA). The
obtained DNA sequences were blasted in NCBI
gene library for sequence similarity analysis and
then the sequences were submitted to NCBI and
accession numbers were obtained.

lipase

Enzyme assay

Lipase activities were determined in the fungal
culture  filtrates  spectrophotometrically  as
described by Winkler and Stuckmann (1979). The
assay reaction solution was prepared by
dissolving the enzyme substrate, 0.5 mM p-
nitrophenyl laurate, in 10 mL of dimethyl
sulfooxide (DMSO). Then the p-nitrophenyl
laurate-DMSO solution was emulsified in 90 mL of
emulsification solution composed of 50 mM
phosphate buffer pH 7.0 (unless otherwise
stated), 0.1% (w/v) polyvinyl alcohol (PVA) and
0.4% (w/v) Triton X-100. To determine the
enzyme activities in the culture filtrates 1.0 mL of
the crude enzyme was added to 3.0 mL of the
reaction mixture. The assay solution-crude
enzyme mixture was then statically incubated for
15 min at 30°C (unless otherwise applied). The
color changes was measured at 410 nm (SPUV-
19, SCO TECH, Germany) and compared with the
p-nitrophenol standard curve. One unit (U) of
lipase activity was defined as the amount of the
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enzyme that released 1umol of p-nitrophenol per
min.

Temperature/pH optima and enzyme stability

In order to determine the optimum
temperature of the extracellular lipases produced
by W7, W5H, WX and W5D fungal isolates 1.0 mL
of the crude lipase filtrates was added to the
assay reaction mixture (pH 7.0), and the reaction
was allowed to proceed for 15 min at 25, 30, 35,
40, 45 and 50°C. To determine the optimum pH of
the enzyme mixture, different pHs of the assay
solutions were used (3.0, 4.0, 5.0, 6.0, 7.0 and
8.0) and incubated for 15 min at the optimum
incubation temperature of each fungal strain.
Stability of extracellular lipolytic enzymes of the
four fungal isolates were investigated at their
respective optimal incubation temperature and pH
of each. Fifty mL of the crude extracellular lipase
filtrates from each isolate adjusted to the
respective optimum pH using 1.0 N solution of
HCI and NaOH and incubated at the respective
optimum temperature for 12 hrs. Three mL
samples were taken every 2 hrs to determine the
residual activities of the extracellular lipases as
compared to the control (at zero time).

Potential waste corn oil
hydrolysis

The potential of the crude filtrates of the four
selected isolates in waste corn oil hydrolysis were
evaluated in oil/water two-phase systems. The
two-phase systems of waste corn oil hydrolysis
experiments composed of 2 grams of filtered
waste corn oil and 20 ml of buffered enzyme
filtrates (10 U/mL lipolytic enzyme activities). The
hydrolysis experiments were conducted at the
respective optimum pH and temperature of each
isolate in temperature controlled chamber (Incu-
Shaker 10L, Benchmark, Germany) for eight hrs.
The two-phase reaction mixtures were stirred at
300 rpm using multi-position magnetic stirrer
(Super-Nuova Multi-Place, Thermo Scientific,
USA). After eight hrs. the hydrolysis degree of
spent corn oil was determined by titration of the
reaction mixture with 0.2 M potassium hydroxide.
Blank experiments were prepared and conducted
as explained earlier except that the buffered
enzyme filtrates were replaced by buffered fresh
media. In another experiment, a time course (2
hrs intervals for 8 hrs) of waste corn oil hydrolysis
after optimization of enzyme production by
Monascus purpureus W7 isolate was conducted.
The hydrolysis reaction mixture was prepared and
the experiment was conducted as described

application in

before except that the enzyme loading in the
hydrolysis reaction mixture was 40 U/mL.

Optimization of extracellular lipase production
from Monascus purpureus W7 isolate

Optimization of the extracellular lipase
production from Monascus purpureus W7 fungal
isolate performed by stepwise variation of the
culture conditions and the basal culture media
composition. The influence of various inoculum
sizes (108, 104, 10° and 108 spore suspensions),
different initial pHs (4.0, 5.0, 6.0, 7.0 and 8.0) of
the culture medium and different incubation
temperatures (27, 30, 33 and 36°C) on the
enzyme production were evaluated. Determination
of the peak time for the maximum enzyme
production through a time course profile was also
conducted. The effects of different additional
carbon sources (sugars, sugar alcohols and
organic acids), different enzyme inducers (aloe oil,
olive oil, soy oil, almond oil, sesame oil, argan oil,
castor oil, linseed oil, corn oil, Tween 80 and
Tween 20), different organic and inorganic
nitrogen sources, NaCl concentration and variety
of chloride containing minerals on enzyme
production were also studied.

Waste corn oil hydrolysis degree

The used corn oil hydrolysis degree was
determined by titration of the hydrolysis reaction
mixture, containing 2.0 g oil samples, with 0.2 M
potassium hydroxide. To each sample, 15 mL of
diethyl ether-ethanol mixture (1:1 v:v) was added.
Small amount of phenolphthalein as pH indicator
was dissolved directly in the diethyl ether-ethanol
mixture. The sample was then titrated against 0.2
M potassium hydroxide using digital titration
system (Digitrate, Jencons, UK). The amount of
0.2 M potassium hydroxide required to neutralize
the free fatty acid was noted and presented as
acid value (AV). A blank titration was done with a
sample where the enzyme filtrate was replaced
with buffered fresh media. AV calculated using the
following equation:

V= 56.1 X CKOH X Vtitra

m

Where CKOH is the concentration of KOH (M),
Vtitra is the amount of titration (mL), m is the
amount of oil sample (g). Meanwhile, the
hydrolysis degree (X%) of the used corn oil was
calculated from the acid value (AV) and the
saponification value (SV) of corn oil using the
following equation:

X% = (AV)X 100%
0=\5y ()
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Statistical analysis

Results were expressed as the means of
three independent determinations. Standard
deviations, indicated by error bars, for each of the
experimental results were calculated using
Microsoft Excel software (2010). Statistical
analysis was done with Student’s t-test using
Microsoft Excel software (2010) where Asterisks
(*) indicate significant differences (P < 0.05).

RESULTS AND DISCUSSION

Fungal strains and extracellular
production

Thirty-four fungal isolates were studied based
on their ability of lipase production in fixed growth

conditions. From these, four isolates were able to

lipase

produce lipase enzyme at concentrations of more
than 10 U/mL were selected and used in the
following experiments (Table 1). The enzyme
system required different enzyme inducers for
maximal activity. Compared with the controls,
Tween 80 and olive oil enhanced the enzyme
activity from W5H, WX and W5D coded strains by
different extents while the control had no activity.
Meanwhile, the addition of Tween 80 was shown
to induce the lipase activity from W7 strain,
whereas the addition of olive oil led to the less
induction in activity. The four selected isolates
were identified; (Table 1) based on the internal
transcribed spacer (ITS) and using sequencing
similarity analysis (NCBI) as Monascus
purpureus, Tritirachium oryzae, Ochroconis sp.
and Aspergillus nidulans.

Table 1; Fungal strains identity and extracellular lipase production from the four potent fungal
isolates in selection media containing Tween 80 and olive oil as enzyme inducers.

Strain Funoal Accession Lipase Production | Lipase Production
ngal (U/ml) with Tween (U/ml) with Olive
Code Identification no. ; . .
80 as inducer Oil as inducer
W7 Monascus purpureus MK026964 13.8+£0.15 1.87+£0.13
W5H Tritirachium oryzae MK028996 14.1 £ 0.26 12.1+£0.26
WX Ochroconis sp. MH969430 125+ 0.37 10.5+0.37
W5D | Aspergillus nidulans MK026965 9.1 £0.33 13.7 £ 0.47

Enzyme production values are means + SD (n=3)

50 || =—W7 —-5-W5H —A~WX —<WS5D |

40 T T T T T 1
0 2 4 6 8 10 12

Time (hrs)

Lipase Residual Activity (%)

Figure 1; pH and thermal stability of the extracellular lipases produced by the four potent fungal
isolates. Values are means = SD (n=3).
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Temperature and pH optima and stability

The extracellular lipases produced by the
selected isolates were further characterized to
explore their optimum pH and temperature as well
as their thermal stability. The results revealed by
Table 2 and Figure 1 summarizes the
experimental findings of the optimum pH,
temperature and thermal stability, respectively. As
can be seen from Table 2, the extracellular
lipases produced by three isolates optimally
hydrolyze substrates at acidic pH 5, while only
Aspergillus nidulans W5D was being at pH 6.
Meanwhile, the optimum temperature for the
extracellular lipases produced by Tritirachium
oryzae W5H and Ochroconis sp. WX was 35°C
whereas for those produced by Monascus
purpureus W7 and Aspergillus nidulans W5D was
at 40 and 30°C, respectively. Figure 1 shows the
stability of the extracellular lipases produced by
the potent isolates at their optimum pH and
temperature of each. The results indicated that
the four enzymes were remained stable at their
optimum pH and temperature up to 8 hours
incubation period with slight reduction (2-9%) in
enzyme activity from Monascus purpureus W7,
Ochroconis sp. WX and Aspergillus nidulans
W5D. Further incubation of the tested enzymes
for longer time caused reduction in their activity
except the enzyme activity produced by
Tritirachium oryzae W5H that maintained its
original activity up to 10 hours.

The biochemical properties of two possibly
cold active extracellular lipases produced by
Monascus purpureus M7 (Lip2) and Monascus
ruber M7 (Lip10) were reported (Kang et al., 2017;
Guo et al.,, 2016). In agreement to our results,
both lipases exhibited maximum activity at 40°C.
In contrast to our results, the reported pH optima
for Lip2 and Lipl0 of Monascus purpureus M7
and Monascus ruber M7, respectively was at
alkaline pH, 8.0. On the other hand, themostability
studies of Lip2 and Lipl0 showed that both
enzymes were stable for 1.5 hour at 40°C.
Similarly, the optimum temperatures of the
extracellular lipases produced by two strains of
Aspergillus nidulans was reported to be at 40°C
(Pefia-Montes et al., 2009; Mayordomo et al.,
2000). Meanwhile, the optimum pH of the same
two strains was 6.5 (Mayordomo et al., 2000) and
7-9 (Pefia-Montes et al.,, 2009). Both enzymes
displayed reduced thermostability at temperatures
higher than 20 °C (Mayordomo et al., 2000) and
30-40°C (Pefia-Montes et al., 2009). However,
there is no previous information of investigations
on Tritirachium oryzae and Ochroconis sp to

make a comparison between the extracellular
lipases of same species to show if there is a
variation of the enzyme characteristics.

Table 2; pH and temperature optima of the
extracellular lipases produced by the four
potent fungal isolates.

Strain Opt‘i)mum T:rr?:)ié?;tﬁre

\l\//lvgnascus purpureus 50 40°C

wg:jachium oryzae 5.0 350C

(\)/\(/:Qroconis sp. 5.0 3500

CVSS%argillus nidulans 6.0 300C
Potential application in waste corn oil
hydrolysis

The bioremediability of waste corn oil by the
activity of four extracellular lipases were
confirmed in this study by hydrolyzing the waste
corn oil with varied degrees (Figure 2). The
highest degree of hydrolysis was recorded for
lipase from Monascus purpureus (23.7%) as
compared with the enzymes from other tested
fungal isolates. The quality of hydrolysis level was
poor, however, probably due to low concentration
of excreted enzyme. This is likely true as long as
the enzymes are (generally stable and
experiments were conducted under optimum
conditions. Besides to the enzyme loading, which
is one of the most important limiting factors to
obtain high degree of oil hydrolysis, other factors
such as the oil loading, mixing speed and the
oil/water ratio, may play a role. Therefore, to
improve waste corn oil hydrolysis process, in the
following experiments a stepwise optimization of
the enzyme production from the isolate Monascus
purpureus W7 was performed.

Optimization of extracellular lipase production
from Monascus purpureus W7

In the optimization experiments, cultural and
growth parameters were varied in order to
enhance the extracellular lipase production from
Monascus purpureus W7. As illustrated in Figure
3, significantly higher enzyme production, 18.9
U/mL, was obtained from the dispersed mycelia
when the freshly inoculum size of 10° spore
suspension was applied as starting inoculum.
Meanwhile, spore suspensions lower or higher
than 10° significantly resulted in less enzyme
production. Inoculum size, age, type and
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inoculation methodology were reported as
significant variables that affect enzyme production
particularly from fungi (Colla et al., 2016; Iftikhar
et al., 2015). The initial inoculum concentration in
association with rotation speed applied can
influence the morphology, clumps or dispersed, of
the growing mycelia and hence lipase production
(Colla et al., 2016).

Interpretation of the results of the effect of
initial pH of the culture media (Figure 4) on the
enzyme production revealed that the highest
production of extracellular lipase (28.0 U/mL) and
biomass accumulation obtained when initial pH of
culture media was adjusted to 6.0. Significant
reduction in enzyme activity were recorded when
the initial pH were varied, from either lower or
higher than 6.0. Generally, lipase production from
various fungal species showed different initial pHs
ranging from acidic to neutral pH (Padhiar et la.,
2011; Lanka et al., 2015; Colla et al., 2016; Xia et
al.,, 2011). It was reported that, initial pH of the
culture medium of fungi strongly affect
extracellular enzyme loading and their excretion
across the cell membranes in species dependent
manner (Paranthaman et al., 2009; Sandhya et
al., 2005).

The extracellular enzyme activity and biomass
amount were optimally achieved at a 33°C
incubation temperature (Figure 5). The lipase
production increased with elevation the incubation
temperature until 33°C beyond which the increase
in temperature to 36°C led to the lowering in the
enzyme activity concomitant with the increase in
the biomass. Temperature clearly had a strong
impact on the production of lipases by fungi (Lima
et al., 2003), as the mesophilic temperature
produced the best conditions for their production.
It appears that lipase production from fungi could
occur at room temperature, with 33°C being the
optimum temperature for its activity with some
exceptions in different strains being above or
lower this range of temperature. However,
temporal studies by Sreelatha et al. (2017)
revealed that the variation in lipase production as
function of temperature could be not only species
but also strains dependent.

The maximal enzyme production and biomass
accumulation from Monascus purpureus W7 was
attained at 120 hrs time point beyond which the
enzyme production was significantly reduced
(Figure 6). Even though a comparable
accumulation of fungal biomass was seen at 144
hrs, the reduction in the enzyme activity after 120
hrs of incubation time could be due to the
production of proteolytic enzymes as the culture

being worn out with a time.

The effect of different non-lipidic carbon
sources supplied to the basal culture media
containing Tween 80 on the production of lipase
and biomass production by W7 fungal isolate, was
examined (Table 3). All carbon sources supplied,
did not further enhance the lipase activity as
compared with the control (41.2 U/mL). The
hydrolysis repression by fructose, mannose,
sucrose, lactose, glycerol, sorbitol, and mannitol
was occurred although the cell biomass
increased; this might be a result of catabolite
repression by these sugars (Khleifat, 2006,
Khleifat et al.,, 2006; Shawabkeh et al., 2007).
Even though, dextrin and starch supported higher
biomass accumulation and non-significant
increase in enzyme production (40-44 U/mL) as
compared with the control the next experiments
were conducted with no added carbon sources.
Similar results was reported by Eltaweel et al.
(2005), they stated that, the addition of various
carbon sources to the basal fermentation medium
of Bacillus sp. strain 42, containing olive oil, did
not stimulate lipase enzyme production.

Table 3; Influence of additional carbon
sources on extracellular lipase production

from Monascus purpureus W7 isolate.
Enzyme Biomass
Carbon Source Production (g/L)
(U/mL)
Control 41.2+151 4.98
Succinic acid 18.1+253* 0.58
Trisodium citrate 26.1+£1.71* 1.13
Potassium acetate 22.6 £2.49* 1.94
Glucose 34.1+188* 4.84
Fructose 41.3+2.13 5.79
Mannose 30.7+2.01* 6.67
sucrose 40.5+1.59 6.55
Lactose 30.9+1.96* 6.85
Dextrine 44,1 £+ 2.61 6.56
Starch 42.4 +0.55 5.96
Glycerol 21.2+1.32* 6.68
Sorbitol 345+1.47* 6.21
Mannitol 23.5+253* 6.41

Values are means * SD (n=3). Asterisks indicate
significant differences from the control experiment
(P <0.05).

The results in Table 4 showed no further
stimulation in the production of extracellular
lipase, where maximal enzyme production (40.53
+ 0.65 U / mL) was obtained with Tween 80 as an
enzyme inducer already considered as essential
constituent of culture medium. Therefore, the
replacement of Tween 80 by other different
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possible lipase enhancers did not achieve any
increase in enzyme production. At the same time,
adding different concentrations of Tween 80
(volume/weight) did not further increase the
activity above 41 U / mL and three concentrations
0.3, 0.6 and 0.9% led to the insignificant variations
between their maximum activities 39-41 U / mL
(Figure 7). Therefore, the concentration chosen in
the next experiments was 0.3% (w/v). It has been
suggested that the cell permeability occurred by
Tween-80 could be a key factor leading to the
increased levels of extracellular lipase production

(Kumar and Gupta, 2008).

The effect of different organic and inorganic
nitrogen sources on the enzyme production were
also evaluated (Table 5). No inorganic nitrogen
sources showed any improvements in enzyme
activity compared with a control of culture media
that was deprived of additional nitrogen source
supplementations (Table 5). All organic nitrogen
sources led to production of enzyme activity
except casein, which exhibited zero activity.

~ 50 n
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purpureus W7 oryzae W5H sp.WX nidulans W5D
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Figure 2 ; Potential bioremediation of the extracellular lipases produced by the four potent
indigenous fungal isolates in used corn oil hydrolysis. Values are means = SD (n=3).

Table 4; Effects of different enzyme inducers on extracellular lipase production from Monascus
purpureus W7 isolate.

Inducers Enzyme Production Biomass
(U/mL) (g/L)
Control ND 2.17
Aloe oil 2.33 £0.83* 6.75
Olive oil 247 +0.66* 5.48
Tween 80 39.5 +0.65 4.75
Soy oil 2.02 +0.61* 5.95
Tween 20 558 +0.93* 2.94
Almond oil 2.80 £0.57* 5.35
Sesame oil 1.51 £+0.33* 5.48
Argan oil 8.42 +£0.49* 6.18
Castor oil 10.7 £+0.86 * 4,71
Linseed oil ND 4.34
Corn oil 1.04 +0.37* 4.79

Values are means = SD (n=3). Asterisks indicate significant differences from the experiment with the
highest enzyme production (P < 0.05). ND indicates not detectable.
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Figure 3; Effect of inoculum size on extracellular lipase production from Monascus purpureus W7
isolate. Values are means = SD (n=3). Asterisks indicate significant differences from the
experiment with the highest lipase production (P < 0.05).
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Figure 4; Effect of production medium initial pH on extracellular lipase production from Monascus
purpureus W7 isolate. Values are means + SD (n=3). Asterisks indicate significant differences
from the experiment with the highest lipase production (P < 0.05).
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Figure 5; Effect of incubation temperature on extracellular lipase production from Monascus
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from the experiment with the highest lipase production (P < 0.05).
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Figure 7; Effect of different concentrations of Tween 80 on extracellular lipase production from
Monascus purpureus W7 isolate. Values are means + SD (n=3). Asterisks indicate significant
differences from the experiment with the highest lipase production (P < 0.05).
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Figure 8; Effect of different concentrations of yeast extract on extracellular lipase production from
Monascus purpureus W7 isolate. Values are means * SD (n=3). Asterisks indicate significant
differences from the experiment with the highest lipase production (P < 0.05).
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The highest enzyme production (41.7 U/mL)
was recorded with yeast extract which originally
present in the basal culture media therefore no
enhancement in the overall production of the
enzyme was recorded. Only beef extract and
tryptone poorly stimulated biomass although the
enzyme activity was repressed as compared with
yeast extract. Therefore, the lowest concentration
of yeast extract led to the highest enzyme
production was 0.5% and was approximating the
effect of utilized higher concentrations of yeast
extract (0.75 and 1.0%) with insignificant
differences (Figure 8). Thus, in the course of next
experiments the 0.5% concentration of yeast
extract was employed. Similar results were
reported by Colla et al. (2016) for yeast extract
which caused highest lipase production by
Aspergillus niger and Aspergillus flavus, a result is
associated with composition nature of yeast
extract, beside of being nitrogen source, it is
carbon chain content and vitamin B complex as
co-enzymes, required for the aerobic metabolism.
The high protein and peptide content of yeast
extract that require proteases secretion to utilize
them and simultaneously degrade lipase enzyme
can be considered a possible reason for the low

activities of extracellular lipase in the -culture
filtrate at high concentrations of yeast extract.

Table 5; Effects of different nitrogen sources

on extracellular lipase production from
Monascus purpureus W7 isolate.
. Enzyme .
gg[ﬁggg Production B'?gTSSS
(U/mL)
Control ND 0.45
Yeast extract 41.77 +0.94 4.88
Beef extract 33.81 £1.39* 5.12
Malt extract 33.33 +1.48* 2.88
Tryptone 29.97 £0.87* 5.09
Peptone 31.95 +0.66 * 3.85
Casein ND 0.33
NaNO; ND 0.17
NH4CI ND 0.21
NH4NO3 ND 0.18
Urea ND 0.37

Values are means = SD (n=3). Asterisks indicate
significant differences from the experiment with
the highest enzyme production (P < 0.05). ND

indicates not detectable.
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Figure 9; Effect of different concentrations of NaCl on extracellular lipase production from
Monascus purpureus W7 isolate. Values are means = SD (n=3). Asterisks indicate significant
differences from the experiment with the highest lipase production (P < 0.05).
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Figure 10; Time course of waste corn oil hydrolysis by Monascus purpureus W7 isolate

extracellular lipase. Values are means = SD (n=3).

Interestingly, the effect of NaCl concentration
on the extracellular lipase production (Figure 9)
shows that the absence or the presence of NaCl
up to 0.75% (w/v) in the production media did
affect the biomass accumulation but not the
enzyme production. Non-significantly different and
comparable results of extracellular lipase
production was observed in the culture flasks from
0 to 0.75% (w/v) NaCl concentration with gradual
increase in biomass accumulation. Meanwhile,
using more than 0.75% (w/v) concentrations of
NacCl, reduced the amount of enzyme activity and
cell biomass. There was no stimulation in the
activity of the enzyme above the established level
(42.6 U/mL), which was considered a control and
therefore, subsequent experiments were done
with no added NaCl. Several metal chlorides for
their effects on extracellular lipase production
were examined (Table 6). Among the tested
metal chlorides, only Cu and K although slightly
but significant increase in the enzyme production
was observed. The results also showed that the
addition of certain metals such as Ba, Ca and Mg
did not affect, significantly, the enzyme production
as compared to the control experiment.
Meanwhile, the presence of Fe in the culture
media resulted in significant reduction in the
enzyme activity.

Table 6; Effects of mineral salts on
extracellular lipase production from Monascus
purpureus W7 isolate.

Mineral Enzyme Biomass
Salts Production (g/L)
(U/mL)

Control 41.71 +0.52 1.97
FeCl, 37.02 +0.44* 2.08

KCI 46.53 +0.41* 1.93
CuCl; 4586 +0.75* 1.77
BaCl, 42.31 £0.49 1.72
CaCl, 4355 £15 2.11
MgCl, 43.15 £+ 2.6 1.74

Values are means * SD (n=3). Asterisks indicate
significant differences from the control experiment
(P = 0.05). ND indicates not detectable.

Potential application in used corn oil
hydrolysis
It is well known that the biocatalysts

availability and quantity of concentration is one of
the major factors that affect bioremediation
processes. Therefore, the optimization of enzyme
production that made in stepwise manner led to
getting gradually higher amount of enzyme
production and consequently enhanced the
bioremediation process. For instance, when
comparing the early results of bioremediation
processes (Figure 2), the latest results (Figure 10)
obtained after the optimization processes, showed
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almost 3.7-fold enhancement in the oil hydrolysis
with achieving a relative degree of hydrolysis by
about 87.6%. However, several reports focused
on the importance of enzyme loading on
bioremediation technology of the lipases using
waste cooking oil as substrate (Mulinari et al.,
2017;Talukder et al., 2010).

CONCLUSION

The preliminary screening experiments of soil
samples for extracellular lipase producing fungi
have resulted in the isolation of four potent
isolates with considerable extracellular lipolytic
activities. The selected isolates were identified as
Monascus  purpureus, Tritirachium  oryzae,
Ochroconis sp. and Aspergillus nidulans. Among
them, the extracellular lipase produced by
Monascus purpureus W7 isolate gave the highest
degree of waste corn oil hydrolysis from which the
extracellular lipase production was optimized in
the subsequent experiments. After the
physicochemical optimization of lipase production
by Monascus purpureus W7 fungal isolate,
approximately 3 folds enhancement in the
extracellular enzyme production was recorded
which  eventually reflected as 3.7 times
enhancement in the waste corn oil hydrolysis with
87.6% hydrolysis degree.
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