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Abstract

This is a comparative study for the optimization of cultural conditions for both wild and
mutant strains of R. microsporous var. oligosporus. Out of all the 7 different culture media
evaluated, M5 gave highest units of extracellular lipases 3.16 + 0.02*° U mL™ (W) and 10.99+0.02"
U mL" (M). The effect of incubation temperature (15-45°C), initial pH (4.0 -10.0), inoculum size
(0.5-3.5 mL) and volume of the medium (25-150 mL) on the production of extracellular lipase by
both wild and mutant strains was investigated in shake flask. The rate of fermentation was also
studied and found that maximum extracellular lipase was obtained after an incubation of 48 h by
both wild and mutant strains. In the presence of soybean meal (0.4%) the maximum lipolytic
activity was approximately 1.27 (W) & 1.42 (M) times higher than that in the absence of additive.
Different additional carbon sources were added to basal medium with the aim of improving
extracellular lipases production. Tween 80 showed considerable increase in lipases production by
both wild (5.52 + 0.005* U mL™") and mutant (19.13 + 0.005* U mL™) strains as compared to others.
Maximum extracellular activity of lipase 5.85 + 0.01° U mL™" (W) & 28.32+ 0.01° U mL™" (M) was
obtained when 0.8% of casein was added in the fermentation medium as an organic nitrogen
source. Maximum extracellular production of lipases 8.31 + 0.01° U mL™" (W) and 34.34 + 0.01* U
mL" (M) was observed when 0.8% (NH4),C,0, was added in the substrate as an additional
inorganic nitrogen source.

Introduction

Enzymes are considered as nature’s catalysts. Lipase (triacyl glycerol acyl-
hydrolases, EC 3.1.1.3) catalyses hydrolysis of long chain acyl glycerol at an oil water
interface. Microbial enzymes are often more useful than enzymes derived from plants or
animals because of the great variety of catalytic activities available, the high yields
possible, ease of genetic manlpulatlon regular supply due to absence of seasonal
fluctuations and rapid growth of micro organisms or inexpensive media (Iftikhar et al.,
2010°; Saxena et al., 1999; Sharma et al., 2001; Iftikhar et al., 2007; Iftikhar et al., 2008;
Helen & Oliveira, 2009). Gopinath et al., (2005) reported about 34 wild fungal species
associated with edible oil mill wastes which were isolated by the serial dilution
technique. This study also confirmed that the isolated fungi present on a wide range of
substrates in the ambient environment and these results could also provide basic data for
further investigations on fungal extracellular enzymes (Griebeler et al., 2009). Rhizopus
species is among the most well known lipase producers and its enzyme is suitable for use
in many industrial applications (Toshihiko et al., 1989; Belarbi et al., 2000, Iftikhar &
Hussain, 2002; Iftikhar et al., 2003). The exponential increase in the application of
lipases in various fields in the last few decades demands extension in both qualitative
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improvement and quantitative enhancement. Quantitative enhancement requires strain
improvement and medium optimization for the overproduction of the enzyme as the
quantities produced by wild strains are usually too low (Haq et al., 2009). The
spectacular success examples of strain improvement in industry are mostly attributed to
the extensive application of mutation and selection of microorganisms (Bapiraju et al.,
2004). UV and NTG (N-methyl-N’-nitro-N-nitroso guanidine) was further reported as
effective mutagenic agents for strain improvement of Rhizopus sp., for productivity of
biomedically important enzyme lipase (Iftikhar et al., 2010%). Gromada & Fiedurek
(1997) have also developed strain improvement by induced mutagenesis with rational
selection procedures for an efficient screening of the mutants. Triton X-100 (0.01-0.1%)
and oxgall 0.2% was also used by various workers in order to restrict the fungal colonies
(Gadgil et al., 1995; Khattab & Bazaraa, 2005). The aim of the present work was to
compare the lipolytic potential of wild and mutant derivatives of R. microsporous under
submerged fermentation conditions.

Materials and Methods

Inoculum preparation: Spore inoculum: In the present study, 5-7 days old culture was
used. The spore suspension was prepared in 10 mL sterilized solution of 0.005%
Monoxol.O.T. (Di-Octyl ester of sodium sulphosuccinic acid). Sterilized inoculating
needle was used to scratch the spores.

Vegetative inoculum: Hundred milliliter of Vogel medium containing glass bead in 1
liter cotton wool plugged conical flask was sterilized at 15 p.s.i pressure (121°C) for 15
min. One milliliter of spore suspension (containing 4.63 x 10’ spores) was aseptically
transferred to the flask (Iftikhar et al., 2010°). The flask was incubated at 30°C in an
incubator shaker at 200 rpm for 24 h.

Spore count: Inoculum size was measured by measuring the density of spores as
reported by Iftikhar et al., (2010°).

Buffer preparation: Buffers of various pH were prepared in the composition as reported
by Iftikhar et al., (2010").

Shake flask fermentation: The selected mutant strain of Rhizopus oligosporus II1B-
63NTG-7 (150 min) along with wild strain were screened for checking their lipolytic
potential through submerged fermentation (Iftikhar et al.,, 2010%). Fifty mL of
fermentation medium was transferred to each cotton wool plugged Erlenmeyer flask. The
flasks were sterilized in autoclave at 15 Ib / inch? pressure at 121°C for 15 min and cooled
at room temperature. One ml of inoculum was aseptically transferred to each flask. The
flasks was placed in the orbital shaking incubator (Model: JEIO TEC SI-4000R, Korea),
for incubation at 30°C with shaking speed of 200 rpm. After specific incubation time the
content of the flasks was used for the estimation of enzyme. All the experiments were
carried out in triplicate.

Spectrophotometric assay of lipases: After specific time interval lipase activity was
assayed spectrophotometrically using p-nitrophenyl palmitate (p-NPP) as substrate
according to the method of Krieger et al., (1999).
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One unit of enzyme activity is defined as the amount of enzyme that released 1
pumole p-nitrophenol per minute.

Results and Discussion

Screening for fermentation media: Keeping in view the economic considerations
involved in fermentation process, 7 different culture media were evaluated for the
synthesis of extracellular lipases by wild and mutant strains of R. oligosporus (Table 1).
Out of all the media, M5 (g L! Peptone: 20, Glucose: 10, K,HPO,:2.0, MgS0O,.7H,0:
0.12, NH,Cl: 1.0, Yeast Extract: 2.5, pH: 7.0) yielded highest units of extracellular
lipases 3.16 + 0.02° U mL" (W) and 10.99 £ 0.02* U mL™ (M). The rest of the culture
media gave lesser production of enzyme by both wild type in the order
M2>M7>M3>M4>M1>M6 and for the mutant the order was found to be
MI1>M2>M3>M4>M7>M6, respectively. The production of enzyme was found to be
significantly different (p<0.05) in media M5 from the rest of the media, so was selected
for further studies. It might be due to the reason that glucose and peptone are easily
metabolizable carbon and nitrogen sources, respectively, while K,HPO, as potassium and
phosphorous source. Thus these results are in line with the findings that lipase production
was influenced by the type and concentration of carbon and nitrogen sources (Lotti et al.,
1998; Chahinian et al., 2000; Jianghua et al., 2000; Elibol & Ozer, 2001).

Rate of lipase production: The effect of incubation period on the extracellular lipase
production by wild type and mutant strains of R. oligosporus was optimized. The
fermentation was carried out for 64 hours and production of enzyme was calculated after
every 8 hours. There was a positive correlation of enzyme production with time till 48
hours of incubation (3.22 + 0.01°U mL™", W & 11.02 + 0.005* U mL"', M). However, the
trend reversed afterwards and enzyme production was lowered (Fig. 1). It is evident from
the results that time course of enzyme production plays a very critical role in enzyme
synthesis (Sztajar & Maliszewska, 1988). It might be due the growth phase, organisms
entered. According to Prescott & Dunn (1987) the accumulation of lipase by the fungal
strain was found to be optimum in the stationary phase of growth but it mainly depends
on the composition of the medium and other factors. Further increase in the incubation
period resulted decrease in the production of lipase by both wild type and mutant strains
of R. oligosporus. It might be due to the exhaustion of the nutrients and production of
metabolic byproducts (inhibitors) in the fermenting medium (Martinez et al., 1993). The
accumulation of these byproducts resulted in decreased production of lipase by fungal
strain (Korn & Fujio, 1997). The findings are also in agreement with that of Kumar et al.,
(2005). Hence incubation period of 48 hours was taken to be optimum and maintained
throughout the course of this study.

Effect of incubation temperature: The effect of incubation temperature on the production
of extracellular lipases by both wild and mutant cultures of R. oligosporus was investigated
and the results are presented in Table 2. Lipase activity at different incubation temperatures
i.e., 15, 20, 25, 30, 35, 40 and 45°C was evaluated (Table 2). Both wild type (3.25 + 0.01*U
mL™") and mutant (11.28 + 0.01°UmL™") strains gave maximum extracellular lipase activity
at 30°C. With gradual rise of incubation temperature from 15°C lipase activity increased but
after 30°C, it started decreasing and reached minimum (0.67 + 0.01°U mL™, W & 2.01 +
0.01'U mL™", M) at 45°C. It might be due to the fact that high temperature has inhibitory
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effect on the growth of microorganism as well as productivity of enzymes (Maia et al.,
2001; Lima et al., 2003). Other workers Burkert et al., (2004), Kumar et al., (2005), Singh
et al., (2006), Kiran et al., (2008) also reported that 30°C to be optimum for lipase
production. However, most of the fungal species show maximum growth and lipases
production at temperature ranged from 25-30°C (Elwan et al., 1986; Nadj et al., 1992; Korn
& Fujio, 1997). Therefore, incubation temperature of 30 + 2°C was taken to be optimum
and maintained for the rest of the study.

Table 1. Screening of fermentation media for the production of extracellular
lipases by Rhizopus oligosporus 11B-63 and its mutant derivative in shake flasks*.
Extracellular lipase activity (U mL™)

Synthetic media

wild | Mutant
M1 1.04 + 0.005° 6.18+0.01°
M2 2.03+0.01° 5.01 £0.01°
M3 1.31 +0.02¢ 4.05 + 0.02¢
M4 1.06 +0.01° 3.24+0.01°
M5 3.16 = 0.02° 10.99 + 0.02°
M6 0.96 +0.01° 2.97+0.01°
M7 1.64 +0.01° 3.21+ 0.005°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at P<0.05
*Initial pH: 7.0, incubation temperature 30°C, fermentation period 48h.
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Fig. 1. Rate of fermentation for the production of extracellular lipases by Rhizopus oligosporus I1B-
63 and its mutant derivative in shake flasks*.

*Initial pH 7.0, incubation temperature 30°C, agitation rate 200 rpm
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Table 2. Effect of incubation temperature on the production of extracellular
lipases by Rhizopus oligosporus 11B-63 and its mutant derivative in shake flasks*.

Temperature Extracellular lipase activity (U mL™)
(°C) Wild | Mutant

15 0.50 + 0.005" 1.50 + 0.005%
20 1.08 + 0.005° 5.46 + 0.05¢
25 2.68 +0.05° 8.04 + 0.005°
30 3.25+0.01° 11.28 + 0.005
35 2.33+0.01° 6.99 + 0.01°
40 1.82 +0.005¢ 3.24+0.01°
45 0.67 +0.01° 2.01 +0.01f

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 7.0, fermentation period 48h, agitation rate 200 rpm

Table 3. Effect of inoculum size on the production of extracellular lipases by
Rhizopus oligosporus 11B-63 and its mutant derivative in shake flasks*.
Extracellular lipase activity (U mL™)

Inoculum size No. of spores
(mL) ' Wwild | Mutant
0.5 231 x 10’ 1.08 £ 0.01° 3.99 + 0.047
1.0 4.63 x 10’ 3.39 +0.05° 11.37+0.15°
1.5 6.95 x 10’ 2.38 + 0.09" 7.14 + 0.09"
2.0 9.25 x 10’ 1.67 £0.03¢ 5.08 £ 0.04
2.5 11.56 x 107 1.33 +0.04¢ 3.98 + 0.03¢
3.0 13.87 x 10’ 1.23 +£0.04° 3.24+0.01°
3.5 16.18 x 10’ 0.90 = 0.158 2.70 + 0.05"

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 7.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Effect of inoculum size: Effect of size of inoculum on the biosynthesis of extracellular
lipases by wild and mutant strain of R. oligosporus was evaluated. Table 3 shows the
effect of different inoculum levels on the production of lipases. The size of inoculum
increased from 0.5-3.5 mL with an interval of 0.5 mL. The inoculum size of ImL (4.63 x
107 spores) yielded maximum extracellular lipase activities both by wild (3.39 £ 0.05
UmL™") and mutant (11.37 + 0.15* UmL™) strains. It might be due to adequate amount of
mycelium produced, which synthesize optimum level of enzyme. As the dose of
inoculum increased there was gradual decrease of lipase activity. It might be due to the
reason that fungus consumed majority of the substrate for growth and metabolic
processes, hence enzyme synthesis decreased. There was a non-significant difference of
enzyme production at lower doses of inoculum that might be due to the fact that the
growth of the fungus was not proper and the time required to reach the stationary phase
of growth was increased. Therefore, the secretion of lipases by the fungal mycelium was
greatly reduced at low levels of inoculum (Yasser et al., 2002). Our findings are in
agreement with Singh et al., (2006). Hence 1.0 ml of inoculum was optimized for
maximum lipases production.
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Effect of the volume of the medium: In the present study, the different volumes of
fermentation medium, i.e., 25, 50, 75, 100, 125 and 150 mL were investigated in 250 mL
Erlenmeyer flask for the production of extracellular lipases by both wild (IIB-63) and
mutant strain (IIB-63 NTG-7) of R. oligosporus (Table 4). The maximum extracellular
production of lipases by both wild (3.71 + 0.005* mL™") and mutant (11.49 + 0.005*U mL™")
strains was observed when 20% volume (50mL/250mL flask) of the medium was used. At
this volume of the medium, growth of the fungus was optimal due to sufficient oxygen
supply, resulting in the maximum enzyme production. There was a gradual decrease of
enzyme production with increase in the volume of fermentation medium (Table 4). It might
be due to the improper agitation and inadequate aeration which consequently decreased
enzyme production (Martinez et al., 1993). At low level (25 mL) of the volume of the
fermentation medium both wild (1.66 £ 0.005° UmL™) and mutant (5.10 £+ 0.005' UmL™)
strains showed insignificant production of enzyme. It might be due to the insufficient
supply of nutrients for the growth of fungus and hence enzyme formation (Vanot et al.,
2002). Therefore, 50 mL of the fermentation medium was optimized for further studies.

Effect of initial pH of medium: The production of enzyme is very sensitive to the pH of
fermentation medium, therefore, optimization of pH is necessary for maximum
production of lipases. The effect of different initial pH of the fermentation medium on the
production of extracellular lipases was investigated (Table 5). The initial pH of the
fermentation medium was adjusted from 4.0 to 10.0 in shaking flasks. Production of
enzyme by both wild (4.01 + 0.005°U mL™) and mutant (11.55 + 0.005* U mL™") strains
of R. oligosporus found to be maximum at pH 8.0. It might be due to the reason that
organism required slightly basic pH for its metabolic processes as well as for the
production of lipases (Kiran et al., 2008) whereas Peter (1995) has also reported good
enzyme production in acidic range. As the pH of the medium changed, there was
reduction in the enzyme formation. It might be due to that productivity of the enzyme by
fungal culture was very specific to pH (Gombert, 1999). Therefore, pH 8.0 was selected
for the production of lipase for further studies.

Effect of various agro-industrial byproducts: Various agro industrial by-products like
cotton seed meal (CSM), soybean meal (SBM), wheat bran (WB), wheat flour (WF),
sunflower meal (SFM), almond meal (AM), rice bran (RB) were tested for their effect on
lipases production (Table 6). Inclusion of Soybean meal (SBM) at 0.4%, which is a
byproduct of oil mills, was found to be best protein substrate for the induction of
extracellular lipases production. In SBM the maximum lipase activity was approximately
1.27 (W) & 1.42 (M) times higher than that in the absence of additive (Table 7). The
stimulatory effect of SBM might be due to the fact that it is a good source of different
amino acids to the fungus in addition to other vitamins, protein, carbohydrate, fats, Ca,
Mg, P, K and S for maximum enzyme formation (Nahas, 1988; Fadiloglu & Erkmen,
2002). On the other hand almond meal (AM) has also been reported as maximum
producer of lipases by Rhizopus oligosporus (Iftikhar & Hussain, 2002). By increasing
the concentration of SBM in the fermentation medium, the enzyme production was
increased gradually but after 0.4% it showed a decreasing trend of enzyme production
(Table 7). Therefore, 0.4% SBM was optimized for further studies.
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Table 4. Effect of the volume of medium on the production of extracellular lipases
by Rhizopus oligosporus 11B-63 and its mutant derivative in shake flasks*.

Volume of synthetic media Extracellular lipase activity (U mL™)
(mL) Wild | Mutant
25 1.66 + 0.005° 5.10 + 0.005"
50 3.71 + 0.005° 11.49 <+ 0.005
75 3.40 £0.015° 7.22 + 0.005°
100 3.21 +0.005¢ 7.50 + 0.005°
125 2.62 + 0.005° 6.79 £ 0.017¢
150 1.74 £ 0.019° 6.11 = 0.005¢

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 7.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Table 5. Effect of initial pH of the medium on the production of extracellular
lipases by Rhizopus oligosporus 11B-63 and its mutant derivative in shake flasks*.

H Extracellular lipase activity (U mL™)
P Wild | Mutant
4 0.16 + 0.005" 2.49 +0.02°
5 0.83 + 0.02° 3.01 £ 0.06¢
6 2.66 + 0.005° 5.98 = 0.005°
7 3.40 £ 0.08° 7.00 = 0.08°
8 4.01+ 0.005° 11.55 +0.005°
9 1.00 + 0.06¢ 5.48 +0.005"
10 - -

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Table 6. Effect of the addition of different agro-industrial by products on the
production of extracellular lipases by Rhizopus oligosporus 11B-63
and its mutant derivative in shake flasks*.

Agro-industrial byproducts Extracellular lipase activity (U mL™)
(1% wiv) wild | Mutant

CSM 1.32+0.01° 4.57 +0.005°
WB 2.67+0.01° 6.08 = 0.01°
SBM 4.35 + 0.004 14.98 + 0.01°
WF 1.02 + 0.0028 431+0.01"
SFM 2.09 + 0.005° 5.56 + 0.005¢
AM 1.12 +0.003f 7.99 +0.01°
RB 1.86 +0.001¢ 4.03+0.0118

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05

CSM: cotton seed meal, SBM: Soybean meal, WB: Wheat Bran, WF: Wheat Flour, SFM:
Sunflower meal, AM: Almond meal, RB: Rice Bran

*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C
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Table 7. Effect of the addition of different concentration of soybean meal on the
production of extracellular lipases by Rhizopus oligosporus 11B-63

and its mutant derivative in shake flasks*.

Conc. of SBM Extracellular lipase activity (U mL™)
(%) Wild Mutant
0.2 3.47 £ 0.006° 12.97 £ 0.005°
0.4 5.09 + 0.008° 16.43 + 0.005
0.6 4.51 +0.003° 12.38 + 0.005¢
0.8 4.47 +0.003° 11.98 £ 0.01°
1.0 4.36 + 0.04° 12.99 + 0.005°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05.

SBM: Soybean meal

*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Table 8. Effect of the addition of different carbon sources on the production of
extracellular lipases by Rhizopus oligosporus 11B-63 and its

mutant derivative in shake flasks*.

Carbon sources

Extracellular lipase activity (U mL™)

(1%) Wild Mutant
Lactose 3.52 +0.005¢ 8.69 + 0.005¢
Maltose 3.14 +0.02¢ 6.46 + 0.26°
Sucrose 2.37 +0.26° 8.58 +0.02¢
Xylose 3.52+£0.01° 11.50 £ 0.01°

Dextrose 3.18 + 0.005¢ 9.63 + 0.005¢
Glucose 4.18 +0.03° 11.44 +0.03°
Tween 80 5.52 + 0.005 19.13 = 0.005
Starch 4.20 +0.01° 9.63 +0.01°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Effect of additional carbon sources: In the present course of study, effect of different
carbon sources such as lactose, maltose, sucrose, xylose, dextrose, glucose, starch and
Tween 80 were evaluated for the production of extracellular lipases by wild (IIB-63) and
mutant (IIB-63NTG-7) strains of R. oligosporus. Of all the carbon sources, Tween 80
showed considerable increase in lipases production by both wild (5.52 + 0.005° U mL™") and
mutant strains (19.13 + 0.005° U mL™") as compared to others (Table 8). Since it was
miscible with water and did not generally inhibit fungal growth (Martinez et al., 1993).
Tween 80 was also reported as the best carbon source for lipases production (Handelsman
& Shoham, 1994; Dai and Xia, 2005; Singh et al., 2006) whereas Lianghua & Liming
(2005) reported an inhibitory effect of Tween 80 on lipases production by Bacillus
coagulans. Variation in the concentration of Tween 80 was also effective for lipase
production (Table 9). Maximum enzyme activity by both wild (5.68 £ 0.01° U mL™") and
mutant strain (22.62 + 0.01* U mL™") was obtained at 0.6% concentration of Tween 80 as it
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provided optimum amount of carbon for the production of extracellular lipases. Enzyme
level however decreased with further increase in Tween 80 concentration. It might be due to
the increase in fatty acid accumulation through hydrolysis of substrate, suppressing lipases
synthesis. Sidhu et al., (1998) used 0.5% Tween 80 for the production of extracellular
lipases. Espinosa et al., (1990) also reported that Tween 80 exerted a positive effect on
enzyme production in a range from 0.02% to 2.00%. Therefore, 0.6% Tween 80 was
optimized for further studies.

Effect of addition of different nitrogen sources: The effect of various organic and
inorganic nitrogen sources on the production of extracellular lipases by wild and mutant
strains of R. oligosporus was evaluated. (Tables 10-13). The effect of peptone, p-
nitrophenol, casein, nutrient broth, urea, yeast extract and corn steep liquor @ 1% w/v
added to the fermentation medium is presented in Table 10. The maximum extracellular
lipases activity of wild (5.70 + 0.04* U mL™") and mutant (26.96 + 0.04* U mL™") strains
were obtained when casein was added to the fermentation medium (Table 10). The data
of Table 11 showed the effect of different amounts of casein on the production of
extracellular lipases by wild and mutant strains of R. oligosporus. Casein at a level of 0.2,
0.4, 0.6, 0.8 and 1.0% was used for lipases production. Maximum extracellular activity of
lipases [5.85 + 0.01* UmL™" (W) & 28.32 = 0.01° U mL™' (M)] was obtained when 0.8%
of casein was added in the fermentation medium as an organic nitrogen source. This
might be due to the fact that casein is a good source of different amino acids. The
stimulatory effect of casein might be due to the supply of different amino acids to the
fungus for maximum enzyme formation (Fickers et al., 2004). Where as Fadiloglu &
Erkmen (2002) reported a stimulatory effect of peptone on lipase production. In contrast,
Ginalska et al., (2007) reported that lipase production was suppressed when casein,
peptone and yeast extract was replaced with urea in the fermentation medium. Varying
quantities of different inorganic nitrogen sources were used for the study of their
individual effect on enzyme production both for wild and mutant strains of R. oligosporus
(IIB-63) and the results are presented in Table 12. The inorganic salts used were
ammonium chloride [NH4CI], ammonium sulfate [(NH,4),SO4], ammonium nitrate
[NH4,NOs], ammonium acetate [NH,CH3;COO], ammonium ferro (II) sulfate dodeca
hydrate [(NHy), Fe(S04),.12H,0], hydroxyl ammonium chloride [HONH;CI],
ammonium oxalate [(NH4),C,04] and ammonium molybdate [(NH4)sMo0O,4].
Ammonium oxalate [(NH4),C,04] gave maximum extracellular lipase activity by both
wild (7.89 £ 0.01* U mL™") and mutant (32.26 + 0.002* U mL™") strains compared to other
inorganic nitrogen sources. The data of Table 13 shows the effect of different amounts of
(NH4),C,0, on the production of lipase by wild and mutant strains of R. oligosporus.
Maximum extracellular production of lipases 8.31 + 0.01° U mL" (W) and 34.34 + 0.01°
U mL’! (M) were observed when 0.8% (NH,4),C,0O, was added in the substrate as an
additional inorganic nitrogen source. However, the other nitrogen sources gave
insignificant production of extracellular lipases because they were not easily metabolized
by the fungi for its growth and enzyme formation (Gao & Breuil, 1995; Iftikhar et al.,
2003). However, 0.8% casein and 0.8% ammonium oxalate were selected for the
optimum production of extracellular lipases.
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Table 9. Effect of the addition of different concentration of Tween80 on the
production of extracellular lipases by Rhizopus oligosporus 11B-63
and its mutant derivative in shake flasks*.

Conc. of Tween 80 Extracellular lipase activity (U mL™)
(%) Wild | Mutant
0.2 5.05 +£0.04° 12.63 £+ 0.04°
0.4 551+0.01° 14.19 + 0.06
0.6 5.68 +0.01° 22.62 +0.01%
0.8 547+0.01° 19.07 + 0.005"
1.0 5.16+0.01¢ 18.99 + 0.00°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Table 10. Effect of the addition of different organic nitrogen sources on the
production of extracellular lipases by Rhizopus oligosporus 11B-63
and its mutant derivative in shake flasks*.

Nitrogen sources Extracellular lipase activity (U mL™)
1% (w/v) wild | Mutant
Peptone 2.67+ 0.011¢ 8.26 + 0.005¢
p-Nitrophenol 0.33+0.018 0.97 +0.012¢
Casein 5.70 + 0.04° 26.96 + 0.04°
Nutrient broth 2.18+0.011° 7.88+ 0.011¢
Urea 2.80 + 0.005° 6.43 +0.011°
Yeast extract 5.17+0.014° 19.25 +0.021°
Corn steep liquor 1.83+0.012° 5.40+0.013"

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Table 11. Effect of the addition of different concentrations of the casein on the
production of extracellular lipases by Rhizopus oligosporus 11B-63
and its mutant derivative in shake flasks*.

Conc. of casein Extracellular lipase activity (U mL™)
(%) Wild | Mutant
0.2 3.76 £ 0.012° 11.06 + 0.005¢
0.4 4.42 +0.004¢ 13.04 + 0.02°
0.6 5.01 = 0.003¢ 14.75 £ 0.01°
0.8 5.85 = 0.005° 28.32+0.01°
1.0 5.71 +0.402° 25.99 + 0.005°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p>0.05
*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C
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Table 12. Effect of the addition of different inorganic nitrogen sources on the
production of extracellular lipases by Rhizopus oligosporus 11B-63
and its mutant derivative in shake flasks*.

Nitrogen sources Extracellular lipase activity (U mL™)
(1% is it w/v or v/v) wild | Mutant
NH,Cl 3.83 + 0.003“ 9.78 + 0.01"
(NH,4),SO, 4.16 +0.001° 13.19 4+ 0.01°
NH,NO; 3.16 + 0.005¢ 15.71 + 0.005"
NH,CH;COO 4.84 +0.012° 12.34 £ 0.007¢
(NH, ),Fe(SO4),.12H,0 3.17+0.013¢ 8.08 +0.01%
(NH, ), Fe(SO4),.6H,0 3.84+£0.011% 9.79 + 0.002°
HONH;Cl 1.34+0.015' 3.42 + 0.004%
(NH4)sMoO,, 3.02+0.016¢ 7.70 £0.001"
NaNO, 0.67 +0.0218 6.99 + 0.007'
AgNO; 1.16 + 0.012° 3.39+£0.01%
KNO; 1.83 +0.02° 4.67 + 0.002
NaNO, - 12.35+0.01¢
(NH,),C,0, 7.89+0.01° 32.26 % 0.002°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 8.0, fermentation period 48h, agitation rate 200 rpm, incubation temperature 30°C

Table 13. Effect of the addition of different concentrations of the (NH,),C,0O, on
the production of extracellular lipases by Rhizopus oligosporus 11B-63
and its mutant derivative in shake flasks*.

Conc. of (NH,4),C,0, Extracellular lipase activity (U mL™)
(%) Wild | Mutant
0.2 6.71 £0.02° 18.25 + 0.04¢
0.4 5.88 = 0.04¢ 20.85 + 0.02°
0.6 6.74 + 0.02° 26.28 + 0.02¢
0.8 8.31+0.01° 3434 +0.01%
1.0 7.85 +0.04° 31.27 +0.04°

Each value is an average of three replicates + denotes standard deviation among replicates.
Numbers followed by different letters differ significantly at p<0.05
*Initial pH 8.0, fermentation period 48 h, agitation rate 200 rpm, incubation temperature 30°C
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