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Abstract

The present study has been carried out to find out the lipase enzyme production by the fungus, Aspergillus awamori . In
commonly available natural waste such as, Caster oil cake, Gingilly oil cake and groundnut oil cake collected from oil lotteries.
The oil cake materials were diluted in the proportion of 11 grams of cakes dissolved in 100ml of water for the experimental work.
Among the three natural waste employed, the groundnut oil extract showed highest lipase activity at 48hrs of incubation. Hence,
groundnut oil waste was then preferred for further studies to design the production medium by supplementing different carbon,
nitrogen, micro and macro nutrients, inducer compounds and also by substituting different with all these combination of gum
Arabic with olive oil was also supplemented. The experiments were also carried out at different pH (2-9) and temperature (0ºC-60
ºC) levels. The interesting observation in this line revealed that, in Groundnut oil when different above-mentioned sources
employed, the nitrogenous source like peptone at 2.5% level, at 7.0pH under 38 ºC and at 48 hours of incubation exhibited
maximum lipase production  using the fungus Aspergillus awamori . When the enzyme activity is analyzed or its stability at
different pH (6.3-9.3) and temperature (0ºC-60 ºC), using Groundnut oil extract was done in the initial phase of study, showed
maximum stability at pH 7.3 and 40ºC respectively. The above results are discussed with relevant earlier literature.

Keywords: Lipase enzyme, Aspergillus awamori, natural waste, Groundnut oil.

Introduction

Lipases are widely distributed among yeast, fungi and
bacteria. Short chain triglycerides are also very good
substrates for lipases. Enzymes such as proteases and
amylases have dominated the world market owing to
their hydrolytic reactions for proteins and
carbohydrates. However with the realization of the
biocatalytic potential of microbial lipases in both
aqueous and non-aqueous media in the last one and a
half decades, industrial fronts have shifted towards
utilizing these enzymes for a variety for reactions of
immense importance. It is in the last decade that
lipases have gained importance to a certain extent over
proteases and amylases, especially in the area of
organic synthesis. The regioselective nature of lipases
have been utilized for the resolution of chiral drugs,
fat modification, synthesize of cocoa butter
constituents, biofuels and for synthesize of personal

care products and flavor enhancers. Thus lipases are
today the enzyme choice for organic chemist,
pharmacists, biophysicists, biochemical and process
engineers, biotechnologist, microbiologist and
biochemist.

Fungal lipases

Fungal lipases have been studied since 1950s.
Lawrence (1967) Brockerhoff and Jenson (1974) have
presented its comprehensive reviews. These lipases are
being exploited due to their low cost of extractions,
thermal and pH stability, substrate specificity, and
activity in organic solvents. The chief producers of
commercial lipases are Candida cylindracea,
Humicola lanuginose, R.delemar, R.japonicus,
R.niveus and R.ryzae (Godfredson, 1990).
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Lipases have wide applications as a good substitute for
classical organic techniques in the selective
transformation of complex molecules. The
employment of lipases in the above reactions can
reduce side reactions and easy the separation of
molecules (Ashokpandey et al., 1999). In the present
day industry, lipases have made their potential realized
owing to their involvement in various industrial
reactions either in aqueous or organic systems,
depending on their specificity (John and Abraham,
1990; Kotting and Kibl, 1994).

Lipases have applications as industrial catalysts for the
resolution of racemic alcohols in the preparation of
some prostaglandin’s, steroids and carboxylic
nucleoside analogues. Lipases from Aspergillus
terreus show chemo and regiospecificity in the
hydrolysis of per acetates of pharmaceutically
important polyphenolic compounds (Parmar et al.,
1998).

Lipases are widely distributed among bacteria, yeast
and fungi. Short chain triglycerides are also very good
substrates for lipases. The lipases of the following
microorganisms have been recently isolated in an
apparently homogenous form and some of them have
been crystallized. They include Aspergillus niger,
Candida cylindracea, Mucor javaniscus ,
Pseudomonas fragi and Rhizopus arrhizus. Several
purified microbial lipases have shown to be
glycoprotein.

Keeping in mind the importance of industrial
application of fungal lipases, the present study has
been undertaken with the following objectives

To estimate the lipase enzyme production from the
Aspergillus awamori Using different natural wastes by
introducing changes in
A) pH
B) Temperature
C) Carbon sources
D) Organic and inorganic nitrogen sources
E) Micro and macro nutrients level
F) Inoculum level and
G) Inducers level

 To estimate the enzyme production and
stability with this fungus in lab conditions   and
 Estimation of enzyme according to the
growth of that fungus.

.

Materials and Methods

Isolation of fungi from soil sample (Kamini et al.,
1997)

In order to initiate the proposed study, in the first
phase, different fungi isolates were obtained from the
soil sample by administering serial dilution technique.
The selective medium for fungi, Czepak Dox and Rose
Bengal Agar medium was used to isolate the fungi
using 10-2-10-7 dilutions, and poured into sterile
petriplates. After plating, plates were incubated for 72
hours in room temperature at 28ºC. (Plate 1 a,b &
Plate 2).

Screening of lipase producing fungi (Kamini et al.,
1997)

To screen the lipase producing from that of the isolates
obtained in Czepadox agar plates, the colonies from
these agar plates were then transferred to Tribytyrin
agar, of which notably species Aspergillus awamori
and another fungus with remarkable morphological
feature showed clear zone formation around the
colonies to ensure with their ability

Preparation of inoculation medium (Prabhakar et
al., 2002)

In order to prepare the inoculam, the four days
incubated fungal strain was taken. To these, 5ml
sterile water was added; developed growth was
scrapped with needle and transferred into 95 ml
inoculation medium (simple nutrient broth) taken in
500ml Erlenmeyer flasks. These flasks were then
incubated at 28ºC on rotary shaker at150rpm for 72
hrs. At this stage, 10% of inoculam was transferred to
the production medium incubated at 28ºC on rotary
shaker at 150rpm for 72hrs.

Preparation of production medium (Benjamin and
Pandey, 1996)

Cheaply available natural waste such as Groundnut,
Gingilly, Caster wastes, were procured from a local oil
mill, soaked in 50ml (5.5g waste) distilled water and
autoclaved at 121ºC for 1 hr (Plate 5). After cooling,
the liquid content of the cake was squeezed out using a
muslin cloth by a hand mill. This extract was used as
the raw substrate and was designated as medium M1.
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Different supplementations were made in the
Groundnut oil to design the production media as given
below. In all cases, the initial pH of the medium was
maintained at 7.0.

Table: 1 Enzyme production media

Mediu
m

Composition

M1 Ground nut waste extract
M2 M1+different carbon sources (1%)(CMC, Starch,

Sucrose, Fructose, Glucose, Mannitol, Lactose,
Glycerol) pH7

M3 M1+different organic/ inorganic nitrogen sources
(1%)(Urea, Beef extract, Malt extract, Peptone,
Yeast extract, Sodium nitrate, Ammonium nitrate,
Ammonium chloride, Tryptone).

M4 M1+Various salts (1%)pH 7.0 (KCl, MgSO4,
CaCl2, ZnSO4, MnSO4, FeSO4, MgCl2, CuSO4

M5 M1+different inducers (1ml) (Coconut oil, Neem
oil, Caster oil, Palm oil, sunflower oil, Groundnut
oil, Gingillic oil, Olive oil)

M6 M1+  Inoculum  concentrations (1%, 1.5%, 2%,
2.5% and 3.0%)

M7 M1+Olive oil (10%)+Gum Arabic (0.2-1%)
M8 M1+Different temperature (0ºC, 28ºC, 38ºC,

48ºC, 58ºC,68ºC)
M9 M1+ Different pH (2, 3, 4, 5, 6, 7, 8, 9)

Fermentation process (Shake – flask culture
method):

After preparation of the production media 10% of
inoculum was transferred to the production medium
and incubated at 28ºC on a rotary shaker at 150rpm for
72hours.the flasks were removed at 24hr intervals, the
mycelium was separated by filtration and filtrate was
used for the enzyme assay.

Enzyme assay

Spectroscopy assay method (Plate .6)
Lipase activity was assayed by the modified method
Safarik (1999).

Determination of lipase activity:

For this, an aliquot of olive oil (20mg) was transferred
into a test tube containing 2ml of phosphate buffer (pH
6.3) and 1ml of the sample was added to it. The

mixture was vortexes for 15sec and incubated at 37ºC
in water bath under static conditions for 30min. after
stopping the reaction by adding 1ml of concentrated
HCl and vortexing for 10sec, 3ml of benzene was
added and after further vortexing for 90sec, the
aqueous and organic phases were allowed to separate.
From this 2ml benzene layer was withdrawn and
transferred to a test tube containing 1ml aqueous
solution of cupric acetate (5% concentration, pH
adjusted to 6.2 using pyridine) and the mixture after
vortexing for 90sec, was centrifuged at 5000rpm for
10 minutes at 5C to obtain a clear organic phase. The
organic (Benzene) layer was removed and used to
estimate the liberated free fatty acids by measuring the
optical density (OD) against distilled water at 715nm
using a spectrophotometer. One unit of lipase activity
is equivalent to one µM free fatty acid liberated min-1

ml-1, under the assay conditions and expressed µg-1 dry
substrate (ds).

Estimation of protein (Lawry’s method, 1951)

To 1ml of inoculated sample was taken and
centrifuged at 10,000rpm for 20 minutes and
supernatant was collected. To 0.1 ml of sample, 1.4
ml of 0.1N sodium hydroxide, 4.5ml of alkaline copper
reagent were added and was allowed to stand for ten
minutes. After incubation, 0.5ml of diluted folin’s
reagent was added to tubes with continuous shaking
and allowed to stand for 30 minutes. The colour
developed was read at 660nm. The amount of protein
was expressed as mg/g. (Plate -7)

Estimation of glucosamine (Sakurai et al., 1977)

The sample of varying concentration was taken for
analysis. The solution were treated with 1ml of freshly
prepared 2% acetyl acetone in 0.5M sodium carbonate
in capped tubes and kept in boiling water bath for 15
minutes. After cooling in tap water, 5ml of 95%
ethanol and 1ml of Ehrlich’s reagent were added and
mixed thoroughly. The purple red colour developed
was read after 30 minutes at 530nm (Plate .8).

Estimation of total soluble sugar (Dubois, 1952)

2ml of the inoculation medium was taken and
centrifuged. 1ml of the supernatant sample was taken
in different test tubes. To each tube 4ml of the
anthrone reagent was added along the side of the test
tubes. A glass marble was placed on top of each tube
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to prevent loss of water by evaporation. The tubes
were placed in a boiling water bath for 10 minutes.
The tubes were then removed and cooled to room
temperature in a water bath. A reagent blank was
treated similarly. And the absorbency of the blue green
solution was red at 625nm. The amount of sugars
present in sample was calculated using standard curve
prepared from glucose (Plate .9).

pH stability of the enzyme

The optimum pH of the enzyme was determined was
using different pH buffer (i. e) using acetete (pH 4.6-
5.5), Tris acetate (pH 6.0-7.0), Tris HCl (pH7.5-9.0)
and Borate buffer (pH 9.0-15). The purified buffers
was incubated in these 30 minutes, 60 minutes, 90
minutes and 120 minutes at 37ºC and then assayed for
the residual activity for determining its pH stability.
Inoculated medium as centrifuged at 5000rpm and

supernatant enzyme fluid were only taken. To the
enzyme 1ml of 250mg Olive oil was to that different
pH buffers were added in a series of test tubes and
kept at 37ºC for 30 minutes the lipase producing strain
were tested.

Thermal stability of the enzyme:

To determine the thermal stability of the lipase
enzyme. The medium was centrifuged at 5000rpm and
supernatant enzyme fluid was only taken. To the
enzyme 1ml of 250mg olive oil was added and 2ml of
Tris acetate buffer was added to make the pH 7. These
preparation were taken in a series of test tubes and
incubated at different temperature, from 30ºC to 90ºC
and the incubation temperature various from
30minutes, 60minutes, 90 minutes and 120minutes etc.
This test was done in lipase producing strain and the
thermal stability of the enzyme was noted.

Growth curve

Groundnut oil waste extract was prepared in the
medium. The fungal organism Mucor sp. was
inoculated and kept in shaker at 28C. After 12 hours
intervals O.D was measured at 600nm using
spectrophotometer. The O.D value was measured up to
600nm using spectrophotometer. The O.D value was
measured up to 72hours. Lipase activity was also
analyzed in this sample.

Results and Discussion

Plate assay

The fungal strain isolated from soil samples in our
laboratory was identified as Aspergillus awamori
(Plate .4). Tributyrin was used as substrate for
examining lipase production on Czapak dox agar
plates. A halo zone of 5mm diameter around colony in
the Tributyrin agar plates clearly indicated the
production of lipase

In this study, the lipase production by the fungus
Aspergillus awamori was studied using cheap
common natural waste (Oil cake) like Gingilly, Caster
and Groundnut oil. The lipase activity was determined
at 24h, 48h, and 72h intervals, the lipase activity
increased up to 48h, after which it decreased (Table-2
& Fig-2)

Table-2 shows the fermentation behavior of
Aspergillus awamori in Groundnut extract by shake
flask culture. The lipase activity at 24h, 48h, and 72h
were10.43U/ml-1, 12.23U/ml-1, 09.0U/ml-1

respectively. Among the three durations, at 48h
optimum lipase production was observed. The
respective soluble sugar consumption at this stage was
8.05mg/ml, 09.53mg/ml, and 10.40mg/ml, as against
the soluble protein content 20.70 mg/ml, 23.00 mg/ml,
and 18.60 mg/ml, for 24 h, 48h and 72h durations.

There was very slight variation in the pH of media,
which were 7.2, 7.3, and 7.4, at 24h, 48h, and 72h
duration respectively. In view of high product titers in
groundnut oil extract, further experiments were carried
out with groundnut oil extract.

In order to determine the suitable carbon, nitrogen,
inducers, salts etc, for optimum lipase production by
Aspergillus awamori Various nutrient sources like
carbon, nitrogen, inducers, salts, phosphate and Gum
Arabic were added individually to groundnut oil
extract. More over the lipase activity has been checked
at various temperature and pH level.

Effect of various carbon sources in Groundnut oil
extract on lipase    production by Aspergillus
awamori in shake flask culture

Several workers who use different carbon sources
have reported an increased yield of alkaline lipase. In
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order to determine the suitable carbon source for
maximum lipase production, different carbon sources
were incorporated into the medium by replacing
glucose. Maximum lipase production was observed
with sucrose 26.06U/ml-1 and minimum with fructose
9.86 U/ml-1 (Table-3 & Fig-3). The results were in
accordance with that observed for Rhizopus oryzae by
Pal and Kundu, (1978); Salleh et al., (1993) and
Kamini et al. (1997). These authors have reported that
maximum lipase production in Rhizopus species
occurred when sucrose was used as the carbon source.

Effect of various Nitrogen sources in Groundnut oil
on lipase production in Aspergillus awamori in
shake flask culture

To determine the suitable nitrogen source for
maximum lipase production, different nitrogen sources
were incorporated in to the medium, maximum lipase
production (24.46U/ml-1) was observed when peptone
was used as the nitrogen source and minimum with
ammonium nitrate (12.80 U/ml-1), (Table-4 & Fig-4)
Similar reports were obtained from the study of lipase
production by Candida rugosa on copra waste carried
out by Benjamin and Pandey, (1996).

Effect of various inducers in groundnut oil on
lipase production by Aspergillus awamori , in shake
flask culture

The lipase production by Aspergillus awamori was
studied in Groundnut oil by adding various inducers
like coconut oil, neem oil, caster oil, Gingilly oil,
Groundnut oil, palm oil, sunflower oil, and obtained
data’s confirmed that among the various types of
inducers, olive oil was found to be most effective in
inducing the lipase of Aspergillus awamori .
Maximum lipase production was observed in olive oil
24.36U/ml-1 and minimum lipase production was
observed in coconut oil 7.10U/ml-1 (Table-5 & Fig-5).
It was found that maximum lipase production occurred
at 2.5ml (Table-8 & Fig-8). Similar results have been
reported by Akhtar et al., (1980) for Mucor heimalis
and Aspergillus niger by Kamini et al., (1997).

Effect of various salts in groundnut oil on lipase
production by Aspergillus awamori in    shake flask
culture

In order to determine the suitable salts for maximum
lipase production, different salts were incorporated

into the medium. Maximum lipase production was
observed with Ferrous Sulphate (Table- 6& Figure-6).
Effect of various inoculum concentrations in
Groundnut oil on lipase  production by Aspergillus
awamori in shake culture

The inoculum levels were also checked with various
concenations to find out the correlation between
inoculum level and lipase activity. Various inoculum
levels (1% to 3%) were taken and tested. 10%
inoculum promoted the higher rate of lipase yield
(37.66U/ml-1) (Table-7). Similar results have been
reported by Prabhakar et al. (2002), who obtained
maximum lipase production with 10% level inoculum.

Effect of Gum Arabic in  Groundnut oil on lipase
production by Aspergillus awamori in shake flask
culture

The results of the studies on the effect of
supplementation of Gum Arabic at different
concentration (0.2%, 0.4%, 0.6%, 0.8%, and 1%) in
the presence of groundnut oil is presented in (Table-8
& Figure-8). As evident from the table, among
different concentration of Gum Arabic, 0.4% was the
best for inducing enzyme production. The effect of
Gum Arabic  could raise lipase yield to 23.51U/ml-1.
Similarly Benjamin and Pandey, (1996) reported the
gum Arabic with 0.4% concentration as a favourable
inducer of lipase production
.
Effect of various pH in Groundnut oil on lipase
production by Aspergillus awamori in shake flask
culture

In order to determine the optimum pH for maximum
lipase production, the organism was inoculated in
media of varying pH. The enzyme functioned
optimally at  pH 7 after 48 h when compared with
other pH values in waste extract (Table-9 & Figure-9),
Kamini et al., (1997) studied the correlation between
pH and lipase production and confirmed that pH 7 is
favourable maximum lipase production. Similar
reports have been reported by Omar et al., (1987) for
Mucor hiemalis.
Effect of various temperatures in Groundnut oil on
lipase production by Aspergillus awamori in shake
flask culture

Optimum temperature for maximum lipase production
was found to be 38ºC (Table-10 & Figure-10). The
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Table -2 Fermentation behaviour of Aspergillus awamori on Groundnut oil extract

Sl.No Time
(hours)

Lipase activity
(mg/ml)

Soluble sugar
(mg/ml)

Soluble
protein
(mg/ml)

pH

1 24 10.43 08.05 20.70 7.2
2 48 12.23 09.53 23.00 7.3
3 72 09.00 10.40 18.60 7.4

Figure –2 Fermentation behaviour of Aspergillus awamori on Groundnut oil extract
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Table-3 Effect of various carbon sources on lipase production by Aspergillus awamori

Sl.No Carbon
sources

24h 48h 72h

1 CMC 11.40 26.16 20.08

2 Dextrose 12.87 18.67 14.35

3 Fructose 9.86 22.26 14.97

4 Starch 9.89 28.34 23.21

5 Lactose 11.54 15.87 12.34

6 Maltose 15.87 26.72 21.35

7 Sucrose 13.68 26.06 23.23

8 Mannitol 12.7 21.54 13.54

9 Glycerol 11.65 15.76 17.10
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Figure -3 Effect of various carbon sources on lipase production by Aspergillus awamori
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Table- 4 Effect of various Nitrogen sources in Groundnut oil on lipase production
by Aspergillus awamori

Sl.No Nitrogen sources 24hrs 48hrs 72hrs
1 Urea 11.10 17.63 14.70
2 Beef extract 16.60 17.10 17.36
3 Malt extract 07.16 21.06 18.30
4 Tryptophane 18.76 21.83 16.66
5 Yeast extract 12.13 18.06 12.40
6 Sodium nitrate 13.93 15.36 10.46
7 Ammonium nitrate 09.00 12.80 12.20
8 Ammonium chloride 07.30 14.06 13.03
9 Peptone 09.23 24.46 1 5.70

Figure -4Effect of various Nitrogen sources in Groundnut oil on lipase production by Aspergillus awamori
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Table -5 Effect of different inducers in Groundnut oil on lipase production by Aspergillus awamori

Sl.No Inducers 28hrs 48hrs 72hrs
1 Coconut oil 07.10 14.63 15.00
2 Olive oil 13.60 25.10 10.36
3 Neem oil 09.16 14.06 13.30
4 Caster oil 09.76 16.83 09.66
5 Palm oil 10.56 24.36 20.40
6 Groundnut oil 11.93 22.36 05.46
7 Gingillic oil 09.00 17.80 12.20

Figure -5Effect of various inducers in Groundnut oil on lipase production by Aspergillus awamori
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Table-6Effect of various salts in Groundnut oil on lipase production by Aspergillus awamori

Sl.No Salts 24h. 48h. 72hr.

1 KCl 07.80 14.66 15.86

2 MgSO4 08.23 15.36 17.60

3 CaCl2 10.03 17.79 15.10

4 ZnSO4 08.58 13.90 11.98

5 MnSO4 11.55 15.24 08.21

6 FeSO4 11.25 21.54 23.98

7 MgCl2 12.76 13.56 08.67

8 CuSO4 07.78 13.67 12.56



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 212–228

220

Figure -6 Effect of various salts in Groundnut oil on lipase production by
Aspergillus awamori
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Table -7 Effect of Inoculum concentrations in Groundnut oil on lipase production by Aspergillus awamori in shake
flask culture

Sl.No Inoculum conc. 24h. 48h. 72h.

1 1.0ml 14.06 19.43 15.70

2 1.5ml 19.50 22.51 21.83

3 2.0ml 22.46 27.96 2530

4 2.5ml 30.05 34.50 35.78

5 3.0ml 29.98 37.66 32.76

Table -8 Effect of Gum Arabic concentration in Groundnut oil on lipase production by Aspergillus awamori in shake
flask culture

Sl.No Inoculum conc. 24h. 48h. 72h.

1 0.2% 08.06 15.43 12.70

2 0.4% 12.50 23.51 17.83

3 0.6% 10.46 20.96 15.30

4 0.8% 08.05 17.50 10.78

5 1.0% 07.84 14.66 10.76



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 212–228

221

Figure -8 Effect of Gum Arabic concentration in Groundnut oil on lipase production  by Aspergillus awamori in
shake flask culture
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Table-9 Effect of different pH in Groundnut oil on lipase production by Aspergillus awamori

Sl.No pH 24h 48h 72h
1 2 4.10 7.46 5.26
2 3 4.50 7.72 7.73
3 4 6.20 7.20 6.72
4 5 7.23 10.26 11.35
5 6 10.30 13.80 9.52
6 7 12.78 14.26 12.26
7 8 10.24 13.90 10.40
8 9 9.40 11.32 8.40

Figure -9 Effect of different pH in Groundnut oil on lipase production by Aspergillus awamori
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Table-10 Effect of different temperature in Groundnut oil
on lipase production by Aspergillus awamori

Sl.No Temperature 24h 48h 72h

1 0ºC 07.45 08.34 08.32
2 28 ºC 08.65 11.76 10.89
3 38 ºC 10.98 14.34 13.32
4 48 ºC 10.32 11.87 12.97
5 58 ºC 06.54 12.87 09.87
6 68 ºC 07.98 08.98 07.54

Figure -10 Effect of different temperature in Groundnut oil on lipase production by Aspergillus awamori
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Table-11 Growth curve of Aspergillus awamori

Sl.No Time Growth rate Lipase activity

1 12 0.125 07.35

2 24 0.390 12.00

3 36 0.716 15.80

4 48 0.820 16.40

5 60 0.690 11.95

6 72 0.515 08.20
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Figure 11 Growth curve of  Aspergillus awamori
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Table-12 Thermostability of Lipase Enzyme

Sl.No Temperature 30 minutes 1 hour 1.30 minutes 2 hours

1. 30 ºC 15.66 15.67 08.87 04.55

2 40 ºC 17.00 17.89 08.65 04.87

3 50 ºC 12.30 09.00 05.26 04.05

4 60 ºC 07.98 07.78 03.78 01.98

5 70 ºC 04.35 02.80 01.89 01.67

6 80 ºC 01.69 01.18 00.78 00.54

7 90 ºC 00.78 00.65 00.47 00.68

Figure – 12 Thermostability Lipase Enzyme
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Table-13 pH stability of the lipase enzyme

Sl.No pH 30 minutes 60 minutes 90 minutes 120 minutes
1 06.3 15.79 13.56 12.07 11.18
2 07.3 15.98 14.87 11.75 10.35
3 08.3 14.87 10.31 09.64 07.55
4 09.3 11.76 09.98 08.80 07.56
5 10.3 09.86 08.50 08.06 07.00
6 11.3 07.15 07.35 06.08 05.25
7 12.3 06.87 06.15 06.05 05.64
8 13.3 04.90 04.67 03.45 03.35

Figure-13 pH stability of the lipase isolated from Mucor pusillus
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results contradicts with that of the results reported by
Prabhakar et al., (2002) for Aspergillus niger, they
reported that 26ºC is favourable for good lipase
activity. A temperature of 28ºC is found to be most
conductive for the production of lipase by Bacillus
mycoides, (Achamma Thomas et al., 2003). However
the optimum temperature for maximum lipase
production is between 22-35ºC for Aspergillus wentii
(Chand et al., 1981), Mucor heimalis (Akhtar et al.,
1980), Rhizopus nigricans (Chand et al., 1981),
R.oligosporus (Nahas, 1988) and Penicillium
aeruginosa (Gillbert et al., 1991).

Growth curve

Growth and enzyme production were determined at
12hours intervals. The cell growth increased up to

48h, after which it declined. In early log phase growth
started and the maximum yield was obtained at late
exponential growth phase. A fall in lipase production
was observed in stationary and decline phase (Table -
11&Figure-11).

Enzyme characterization

Thermal stability

Thermal stability of lipase enzyme isolated from
Aspergillus awamori was examined at various
temperatures, (30 ºC, 40 ºC, 50 ºC, 60 ºC, 70 ºC, 80 ºC
90 ºC) along with various incubation periods, (30
minutes, 1 hour, 11/2 hours, 2 hours). The results are
shown in (Table -12 & Figure-12) enzyme was stable
at 40 ºC for nearly 60 minutes.
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pH stability

The optimum pH of the enzyme was determined using
different pH buffer, Tris Acetate (pH 6.0-7.0), and
Tris HCl (pH 7.5-9.0). The purified enzyme was
incubated in these buffers for 30minutes, 60 minutes,
90 minutes and 120 minutes at 37 ºC and the residual
activity was assayed for determining its pH activity.
The enzyme was stable for 30 minutes at pH between
6.3 and 7.3. Similar results have been reported by
Saxena et al., (1999) for lipase from various fungi
(Table-13 & Figure-13).

References

Arbige, M. V. and Pitcher, W.H., Trends Biotechnol.,
1989, 7, 330-335

Achamma Thomas, Manoj Mathew, Valsa, A.K.,
Mohan, S, and Majula, R., optimization of growth
conditions for the production of extra cellular
lipase by Bacillus mycoides., Ind .J. microbiol.,
2003.43, 67-69.

Adelhorst, K., Bjorkling, F., Godtfredsen, S.E and
Kirk, O., synthesis, 1990, 1,112-115

Akhtar, M.W., Mirza, A.Q. and Chughtai, M.I.D.,
Appl.Env.Microbiol., 1980, 40, 257.

Alford, J.A., Pierce, D.A., and Suggs, F.G., 1964 "
Extracellular lipases’’, Journal of lipid research,
1985, 5, 392-396.

AnshuGupta, Rajnisingh, Khare, S.K. and Gupta,
M.N., An" Extra cellular alkaline lipase’’ from
Enterobacter aerogenes. , 2000, 263-265.

Ashok pandey Candida rugosa and its Lipases .J. Sci.
Ind. res., 1998, 57, 1-9.

Ashok Pandey, Sailas Benjamin, Carlos R. Soccol,
Poonam Nigam, Nadia Krieger and Vanete
T.Soccol., The realm of microbial lipases in
biotechnology, Biotechnol. Appl. Biochem., 1999,
29, 119-131.

Barrowman, J.A. and Darnton, J.J., Gastroenterology,
1970, 59, 13-21.

Bell, G., Blain,J.A., Patterzo, J.D.E., Shah, C.E.C and
Todd. R., Microbial Source of enzyme, Applied
Microbiology, 1972, 102, 95-97.

Bjorkling, F., Godtfredsen,S.E. and Kirk,O., Trends
Biotechnol., 1991, 9, 360-363

Bornemann, S., Casselle M., Combs, C. L., Dordick, J.
S. and Hacking, A.J., UK patent no.2224504, 1989.

Bornemann, S.,  Casselle M., Combs, C. L., Dordick,
J. S. and Hacking, A.J., Biochem. Biophys . Acta,
1989, 1265, 250-253

Brockerhoff, H. and Jenson, R (eds), lipolytic
enzymes, Academic press, New york, 1974, 1-340

Brockerhoff, H. and Jenson, R.L., lipolytic enzymes,
Textbook of enzymology,

1974, 32-40.
Bulocj, J.D., Nisbet, K. J. and Winstantly D. J.,

Bioactive microbial products: Search and
Discovery. Academic, London, 1982.

Cabot, M. C., Welsh, C.J., Zhang, Z. C. and Chabbott,
H., ‘‘ Methods in enzymology’’(eds Conn, P.M.
and Means, A.R.), Academic Press, Orlands, 1987,
301-313.

Cardens, F. A., Castrooms, S. W., Molecular
properties and structure, Novel microbial lipases,
2001, 107, 261-265.

Carriere, f., raphel, V., Moreau, H., Bernadac, A.,
Devadac, M.A., grimaud, R., Barowman, J.,
Benicourt, C., Junien, J. L., Laugier, R. and Verger,
R., Gastroenterology, 1991, 102, 1535-1545.

Chakrabarty, M.m., Chaudhary, S.G., Khatoon, S. and
Chatterjee, A., in proceedings of world conference
in Biotechnology for the fats and oils industry,
Hamburg, 1987, 10-12.

Chand, S. and Kaur, J., in National conference on
Bioprocessing and recombinant DNA technology.
Lucknow, 18 March, 1998, 18.

Chand, S., Srinivasalu, C. and Kahapatra., S.N., J. oil
seeds., 1974, April-May, 17-19.

Chapman, D., Introduction to lipids, Mc Graw-Hill,
London, 1969.

Christakopoulos P, Tzia C, Kekos D. and Macris, B.,
J.App Microbiol Biotechnol, 38, 1992, 194.

Christakopoulos P, Tzia C, Kekos D. and Maous, B.,
J. App Microbiol Biotechnol, 38, 1992, 194-197.

Coenen, T.M.M., Aughton, P. and Verhageb, H., Food
Chem. Toxicol., 1997, 35, 315-322.

Coleman, M.H. and Macrae, A. R., UK Patent No.1,
577933 (Unilever Limited), 1981.

Dauber, S.R. and Boehnke, B.,Ger. Pat. DE- 4141832;
993.

Davis, H.G., Green, R.H., Kelly, D.R. and Roberts,
S.M., in Bioinformatics in preparative Organic
synthesize, Academic press, London, 1990.

Dixon, M. and Web, E.C., Enzymes, Longsmans,
London. 1964, 65, 12-13.

Dong-Wonchoo, Tatsuo Kurihara, Takeshi Suzuki,
KenjiSoda and Nobuyoshi Esaki, a cold-adapted
Lipase of an Alaskan psychrotroph, Pseudomonas
sp. Strain B11-1: gene cloning and enzyme
purification and charecterization. App. Environ.
Microbiol., 1998, 64, 486-491.



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 212–228

226

Dubois Yemm E.W., Cooking E.C., The determination
of sugars, 1995, 80, 209-213.

Eibl, H. and Unger, C., Can. Treat. Rev., 1990, 17,
233-242.

Ellaiah, P., Prabhakar, T., Ramakrishna, B.,
ThaerTaleb, A.Aandadinarayana, K., strain
improvement of Aspergillus niger for the
production of Lipase. Indian .J. Microbiol.,
42.2002. 151-153.

Ergan, F., Trani, M. and Andre, G., Biotechnol., 1988,
10, 629-634.

Fernadez, S., Ferrero, M., Gotor, U. and Okamura,
W.H., J.Org.Chem. 60, 1995,

1057-6061.
Fregapane, G., Sarney, D.B. and Vulfson, E.N.,

Enzyme. Microb. Technol., 1991, 13, 763-800.
Ghosh, P.K., Saxena. R. K., Gupta, R., Yadav,R. P.

and daidson, S., Sci. prog., 1996, 79, 119-157.
Gillis, A.J.Am.Oil chem..Soc., 1988, 65, 849-852.
Godfredson, S.E., in microbial enzymes and

biotechnology (eds forgarty, W.M. and Kelly,
E.T.), Elservier Applied Sciences, the Nether lands,
1990, 255-273.

Godfrey, T. and Hawkins, D., Eur.Food Drink Rev.,
1991, 103-107.

Gupta, M.N., Eur. J. Biochem., 1992, 203,25-32.
Hamosh, M., in Lipase (eds Borgstrom, B. and

Brockman, H.L.), Elsevier, Amsterdam, 1984, 49-
81.

Hatzinikolaou, D.G., Macris, J.B., Cristakopoulos,
P.,Kekos, D., klisis, F.N. and Fountoukidis, G.,
Biotechnol Lett, 1996, 8, 547.

Hills, M.J.,Kiewitt, I. and Mukherjee, K.D.,
Biochem.Biophys.Acta, 1990, 1042,
237-240.

Haung, J., Roheim, P.S., Sloop, C.H. and Wong, L.,
Anal.Biochem., 1989, 179,413-417.

Huge-Jenson, B., Galluzzo,D. R. and Jenson, R. G.,
Lipids, 1987,22, 559-565.

Hoq, M.M., Yamane, T., Shimizu, S., Funada, T. and
Ishida, S., J. Am.Oi.Chem.Soc., 1985, 62, 1016-
1021.

Hull, M. and Keaton, R.W., J.Biol.Chem., 1917, 32,
127-140.

Ibrahim Cheomar, Narmichi and Shiro Nagai.,
Production of a Thermostable lipase by Humicola
lanuginosa grown on sorbitol-corn steep liquor
medium., Agri. Biol .chem.., 1987, 51(8), 2145-
2151.

Ihara, M., Suzuki, M., hirabayashi, A., Todunaga, Y.
and Fukumoto, K. Tetrahedr. Asymm., 1995, 6,
1829-1832.

Jandacek, R., Whiteside, J.A., Holcombe, B.N.,
Volpenheim, R.A. and Taulbee, J.D., Am. J. Clin.
Nutr., 1987, 45, 940-945.

Jenson, R.G., Dejong, F.A. and Clark, R.N., Lipids,
1983, 18, 239-252.

Jenson, R.G. and Pitas, R.E., in Lipids (eds paoleltti,
R., Porcellati, G. and Jacini, G.), Raven press, New
York, 1976, 141-146.

John, V.T. and Abraham, G., in Biocatalysts for
industry (ed. Dordick, J.S.)  Plenum Press, New
York, 1990, 10, 193-197.

Kamini, N.R., Mala, J.G.S. and Purvanaq Krishna R.
Production and characterization of an Extracellular
Lipase from Aspergillus niger Indian .J.
Microbiol., 1997, 37, 85-89.

King, D. M. and Padlye, F.B., Eur. Patent
No.00209327 (Unilever Plc), 1990.

Kirchner, G., Schollar, M.P. and Kilbanov, A. M., J.
Am .Chem. Soc., 1985, 107, 7072-7076.

Kloosterman, M., Elferink, V. H. M., Jackvan Lersal,
J., Roskan, J. H., Meijer, E.M., Hulshof, L.A. and
Sheldon, R.A.,

Kosugi, Y. and Kamibayshi, J.Biotechnol., Lett., 1971,
10, 199-204.

Kotting, J. and Eibl.H., in Lipases: their structure ,
Biochemistry and application(eds woolley, P. and
Peterson, S.B.), Cambridge University Press, UK,
1994, 289-313.

Krause, J., Rohen, A. and Winter, B., Chem.Ind.
(Dusseldrof), 1990, 74-75.

Kundu, M., Basu, J., Guchhait, M. and Charabarti,
P.,J.Gen.Microbiol., 1987, 133, 149-153.

Laboureur, P. and Labrousse, M, Bull.Soc.Chin.Biol.,
1966, 48, 747-769.

Lawrence, R.C., Dairy Sci.Abstract., 1967, 29, 1-8.
Lawrence, R.C., fryer , T.F. and Reiter, B., Nature,

213, 1967, 1264.
Lawrence, R.C., Fryer, T.F. and Reiter.B.,

J.Gen.Microbiol., 1967, 48, 401-418.
Lawsen, D.M., Brzozowski, A.M., Dodson, G.G.,

Hubbard, R.E., Huge-Jensen, B., Boel,E. and
Derewenda, Z.S., in Lipases: their structure,
Biochemistry and University Press, UK, 1994, 77-
94.

Lazar, G & Schroder, F.R, in Microbial of Natural
Products (ed.Winkelmann, G), VCH,Weinheim,
1992, 267-291.



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 212–228

227

Liu, W.H, Beppu, T. and Arima, K, Agric. Biol.
Chem., 1973, 37, 157-163.

Lowry, O.H., Rosebrough, N.J., Farv, A.I. Randall, R
J. Protein measurement with the frolin Phenol
reagent. Journal Biological Chemistry 1951, 193.
265-275.

Macrae, A.R. In microbial enzymes and technology
(ed.Fogarty, W.M.), Applied science, London,
1983, 225-250.

Macrae , A.R. and Hammond, R.C., Biotechnol. Gen.
Eng. Rev., 1985, 3, 193-219.

Macrae , A.R. and Hammond, R.C., present and future
applications of lipases, Biotechnology and genetic
engineering review, 1985, 52, 198-200.

Margolin, A.L., Grenne, J.Y., and Klibanov, A.M,
TetrahedranLett., 1987, 28, 1607-1610.

Margolin, A.L., In Chemical aspects of enzyme
Biotechnology (eds Balwin, T.O., Raushel, F.M.
and Scott, A.I.), Plenum Press, New York, 1990,
197-202.

McGee, H. (ed.) On Food and Cooking-the Science
and Love of the Kitchen, Unwin Hyman Ltd.,
London., 1986.

Milton, J., Brand, S., Jones, M.F. and Rayner, C.M.,
Tetrahedra.Lett., 1995, 36, 6961-6964.

Montet, D., servat, F., Pina, M., Graille, J., Gazy, P.,
Arnaud, A., Ledon, H. and Marcou, L., J. Am. Oil.
Chem. Soc., 1990, 67, 771-774.

Moreau, H., Gargouri, Y., Lecat, d., Junien, J. L. and
Verger, R., Biochem. Biophys. Acta, 1988, 960,
286-293.

Moskowitz, G.J., Cassaigne, R., West, I.R., Shen, T.
and Feld man , L.I., J.Agric.Food Chem., 1977, 25,
1146-1150.

Nagaoka, K., Yamada, Y. and Kaoze, Y., Agri. Biol.
Chem., 1969, 33, 299.

Ngooi, T.K., Guo, Z.W., and Sih., C.J., Biocatalysis,
1990, 3, 119-128.

Nityananda Ray., Lalita guari ray., Srimani, B.N., and
Parimal chattopadhyay., isolation and identification
of alkaline thermostable lipases producing
microorganisms culture condition nutritional
requirements and some properties of crude enzyme,
Indian journal experimental Biology., 1999, 37,
818-824.

Ogundero, V.W., Lipase activities of Thermophilic
Fungi from Mouldy Groundnuts in Nigeria,
Mycologia., 1980, 72, 119-126.

Pal, N., Das, S. and Kunda, A.K., J. Ferment. technol.,
56, 1978, 593.

Parmar, V.S., Kumar, A.,Poonam, Pati, H.N., Sexena,
R.K., Davidson, S. and Gupta, R, Biochem.
Biophys. Acta, 1998, in press.

Parmar, V.S. Bisht, K.S., Singh, A. and Jka, A., Proc.
Ind. Acad. Sci. 1966, 108, 575-583.

Parmar, V.S., Pati, H.N., Yadav, R.P., Kumar, A.,
Bisht, K.S., Sinha, R. and Taneja, P., PureAppl.
Chem., 1992, 64, 1135-1139.

Petrovic, S.E., Skrinjar, M., Becarevic, A., Vujicic, I.
F., and Banka, L, Biotechnol Lett, 1990, 132, 299.

Pol, J.J. and Sawant, V.A., Lipase activity during
metamorphosis of Chrysomyia rufifacies Extomon.
1995, 20, no.2: 51-53

Prabhdeep Sidhu, Rohi sharma, Soni, S.K. and Gupta
J.K., Effect of cultural condition of extracellular
alkaline lipase production by Bacillus species Rs-
12 and its characterization., Indian. J. Microbiol,
1998, 38, 15-19.

Qazi, G.N., in 38th Annual meeting of the Association
of Microbiologist of India, Delhi, 1997, 232.

Raman.P. Yadav, Pujya Agarwal and Shakkti, N.,
Upadhyay efficient purication and characterization
of Neem oil hydrolyzing lipase from Aspergillus
aculetus for enrichment of immunomodulators.
2002, J. Sci. Ind. res, Vol. 61, 103-109.

Roberts, R.G. Morrison,W. H., Robertson J.A. and
Hanliln R.T., Extra cellular Lipase production by
Fungi from sunflower seed, Mycologia, 79(2), 265-
273.

Rodriguez, A. and Dezfulian, M., Folia Microbiol.
1997, 42, 149-151.

Rogel, A.M., Stone, W.L. and Adebonojo, F.O.,
Lipids, 1989, 24, 518-525

Rohit Sharma, S.K., Sonl, R.M., Vohra, R.S., Jolly,
L.K., Gupta and J.K., Gupta, Indian Journal
Microbiol. 2002, 42, 49-54.

Sainz- Daiz, C.J., Wohlfahrt,G., Nogoceke, E.,.
Hernandezlaguna.A., Smeyers, Y.G. and Mange,
Q., Theochemistry, 1997, 390, 225-237.

Sakurai Y, Lee, T.H. and Suiota., H. Agricultural
Biological chemistry, 41, 619.

Sangiliyandi, G. and Gunasekaran, P., Extracellular
Lipase producing Bacillus lichiniformis from Oil
mill refinery effluent. Indian. J. Microbiol., 1996,
36, 109-110.

Satyanarayana, T. andJohri, B.N., Curr. Sci., 1981, 50,
680-682.

Saxena, R.K., Ghosh, P.K., Rani Gupta, Sheba
Davidson, W., Sapna Bradoo and Ruchi Gulati,
Microbial Lipases; Potential biocatalyst for the
future industry., Current science, 1999, 77, 1-10.



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 212–228

228

Sharan, E. and Kamar, M.Y., in 37th Annual Meeting
of the association of Microbiologists of India,
Chennai, 1996, 82.

Sigugisladottir, S., Konraosdottir, M.Jonsson, A.,
Kristjansson, J.K. and Matthiasson,E.,
Biotechnol.Lett, 1993, 15, 361-366.

Sridhar.R., Lakshminarayana., G. and Karmal, T.N.B.,
J.Am.Oil Chem.Soc., 1991, 68, 726-730.

Sugihara, A., Tani T. and Tominaga Y., J.Biochem.,
1991, 109, 211.

Sugiura, M. and Isobe,M., Chem.Pharm, Bull., 1975,
23, 1226-1230.

Suzuki, M., Yamamoto, H. and Mizugaki, M., J.
Biochem., 1986, 100, 1207-1213.

Sztajer, H. and Zboinsha, C., Acta Biotechnol., 1988,
8, 169-175.

Thava, M., Suzuki, M., Hirabayashi, A., Takunaga, Y.
and Fukumoto, K.(1995) Tetrahedr.Asymm., 6,
1829-1832.

Toms, M.P., in Biotechnology in food Industry (ed
tombs M.P.), prentice Hall, New Jersey, 1991, 127-
46.

Watanaben., otay., Minoda.Y. and Yamada, K., Agric.
biol. Chem., 1977, 41. 1353-1358.

Winkler , F.K. and Gubernator,K., in Lipases their
structure, Biochemistry and application (eds
woolley, P. and Petersen, S.B.), Cambridge
University press UK, 1994, 139-157.

Yadav, R.P.Sexena, R.K., Gupta, R. and Davidson, S.,
J.Sci. Ind. Res., 1997, 56, 279-248.

Yadav, R. P. Sexena, R.K., Gupta, R. and Davidson,
S., Folia Microbiol. 1998, 43,
373 - 378.

Yadav, R.P.Sexena, R.K., Gupta, R. and Davidson, S.,
Biotechniques, 1998, 24, 754-756.

Yamaguchi, S., Mase, T. and Takeuchi, K., Gene,
1991, 103, 61-67.

Yamaguchi, T., Muroya, N., Isobe, M. and Sugiura,
M. Agric. Biol. Chem., 1973, 37,

999-1005.
Young, J.W. and Bratzler, R.L., in proceedings of

Chiral 90 Symposium Spring Innovation Ltd.,
Manchester, 1990, 23-28.

Zalacain, L., Zapelena, M. J., Astiasaran, L. and Bello,
J. Meat. Sci. 1995, 40, 55-61.


