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Abstract

Bacterial strains showed maximum lipase production in Sugiura et
al. (1977) basal mineral salt solution, while, Chander et al. (1980) basal
medium gave the highest amount of fungal lipase. Enzyme production
was maximized in third day of bacterial growth and after five days for
fungal strains. Out of carbon source tested, glucose, gave the highest
enzyme yield in the culture fluids for all bacterial and fungal organisms
used except of Aspergillus oryzae, sucrose was found in the first order.
Maximum lipase secretion was obtained in the presence of peptone and
casin for Bacillus subtilis and Pseudomonas aeruginosa, respectively.
However, wheat bran showed maximal amount of enzyme yield for fun-
gal strains. Olive oil (1%) induced bacterial lipase biosynthesis, while, the
addition of oil (1%) inhibited fungal lipase secretion. Addition of fatty
acids to growth medium was inhibitory for lipase production.

The optimal pH for B. subtilis (12), P. aeruginosa and A. oryzae li-
pase production ranged from 5 to 7, while optimal pH for S. cerevisiae
(4) and A. flavus (2) lipase production ranged from 6 to 8. The highest
enzyme activity was reached at 30°C for both bacterial and fungal
strains. When, the organisms were cultivated on a shaker, the enzyme
production was increased.

INTRODUCTION

Microorganisms have been known to produce lipases and the nature of en-
zymes is known to vary in different species (Benzonana, 1974; Jensen, 1974 and
Lobyreva & Marchenkova, 1979). Microbial lipases are responsible for degradation
of fat by hydrolysis and the formed products contribute to the development of desir-
able flavors in food products. Microbial lipases are also used in different chemical
industries (Linfield et al, 1984 & 1985; Fujii et al., 1986 and Khor et al., 1986).
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Although the extent to which lipase is formed varies considerably even between
strains of the same species of organism, yet it is well known that the environmental
and nutritional factors might affect the microbial lipase production. Thus, the aim of
the present study is optimizing culture conditions and improve enzyme production
using selected organisms, i.e., Pseudomonas aeruginosa and Bacillus subtilis (12),
Saccharomyces cerevisiae (4), Aspergillus oryzae, and Aspergillus flavus (2)
(Hauka et al, 1997)

MATERIALS AND METHODS
Organisms:

Pseudomonas aeruginosa was obtained from Microbioloy Dept., Fac. of Phar-
macy, Mansoura Univ., Mansoura, Egypt.

Bacillus subtilis (12) and Aspergillus oryzae were obtained from Microbiology
Dept., Fac. of Agric., Mansoura Univ., Mansoura, Egypt.

Saccharomyces cerevisiae was obtained from National Research Center, Cai-
ro, Egypt.

Aspergillus flavus was obtained from Dept. of Food Science, Fac. of Agric.,
Mansoura Univ., Mansoura, Egypt.

Culture media:
1. Sugiura et al. (1977) basal medium.

It contains: meat extract 0.3%, polypeptone 1.5%, glucose, 1.0%, urea
0.6%, KHpoPO4 0.2%, KCl 0.05%, MgSO4 0.05%, and distilled water. pH is 6.0 This
medium was used for propagation and maintenance of bacterial organisms by supple-
menting with 1.5% agar. The basal mineral salts solution suppiemented with 1.0%
olive oil was used for enzyme production.

2. Kennedy and Lennarz (1979) basal medium.

It contains: bacto-peptone 1.0%, Yeast extract 1.0%, NaCl 0.05%, NaHpPO4
0.04%, and distilled water. pH is 7.0. This medium was used for bacterial enzyme
production.

3. Chander et al. (1980) basal medium.

It contains: peptone 2.0%, yeast extract 0.5%, NaCl 0.5%, dextrose 1.0%,
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and distilled water. pH is 6.0. This medium was used for yeasts and fungal organi-
sms for growth and lipase production.

4, Potato dextrose agar medium (PDA):

PDA medium was used to prepare the inocula of fungi. It is of the following
constitution: 200.0 g infusion from white potatoes or peeled potato, 20.0 g dextrose
(glucose), 15.0 agar, and 1000 ml distilled water. The pH was adjusted at 6.5. This
is favourable medium for sporulation and maintenance of fungal organisms.

5. Concalves and Castello (1981) basal medium.

It contains: meat extract 0.3%, yeast extract 0.3%, peptone 0.5%, sucrose
2.0%, agar, 2.0%, and distilled water. pH is 6.0. This media was used for mainte-
nace of yeast organisms.

6. Fukumoto et al. (1964) basal medium.

It consists of: peptone 7.0%, glucose 2.0%, KHpPO4 0.1%, NaNO3, 0.1%,
MgSO4 0.05%, and distilled water. pH is 6.0. This media was used for fungal lipase
production.

7. El-Makhazangi (1989) basal medium.

It consists of (g/L): NaNO3 2, KoHP04.7H20 0.5, KCI 0.5, FeS04.7H20 0.01,
Yeast extract 1, sucrose, 20, tributyrin emulsion 1 and reached up to 1000 ml with
distilled water. The medium was used for fungal lipase production. Tributyrin emul-
sion was prepared according to El-Makhazangi (1989).

Inoculation procedure and microbial propagation:
Inoculation procedures have been described elsewhere (Hauka et al., 1997).
Enzyme assay methods:

Lipase activity was assayed according to the method of Oi et al. (1969).

RESULTS AND DISCUSSION
Effect of medium composition on lipase production:

One of the most important factors in optimization the fermentation process is
the design of the growth and production medium. Data in Table (1a) present the ef-
fect of two different media on the yield of bacterial lipase and data in Tabie (1b)
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show the effect of three media on the secretion of yeast and fungal enzymes. The re-
sults obtained show that the production of lipase was greatly affected by the compo-
sition of the media used. The results also show that Sugiura et al. (1977) basal me-
dium was the most favourable medium for bacterial lipase production, and gave the
highest yield of enzyme (4.8 and 4.6 umole FFA/ml/min) for Pseudomonas aerugino-
sa and Bacillus subtilis (12), respectively. Also, the ingredients of Chander et al.
(1980) basal medium enhanced the secretion of yeast and fungal lipases. This indi-
cates that the major components in all tested media varied greatly in their enhancing
influence towards enzyme secretion.

Table 1. Effect of different media composition on lipase production (Enzyme activity
is expressed as pmole FFA/ml/ min).

a. Bacterial strains

Lipase activity
Media :
Pseudomonas Bacillus
aeruginosa subtilis (12)
Sugiura et al. medium (19970 4.8 4.6
Kennedy & Lennarz medium (1979) 0.8 0.6
b. Fungal strains
Lipase activit
Media £ i
Saccharomyces | Aspergillus Aspergillus
cerevisiae oryzae flavus
Chander et al. medium (1980) 3.6 3.3 3.6
El-Makhazangi medium (1989) 1.2 0.6 1.0
Fukumoto et al. medium (1964) 0.8 1.2 0.9

Effect of time-course on lipase production:

The results achieved by the test strains are summarized in Table (2). The re-
sults achieved show that lipase occurred directly upon growing the microorganisms.
The release of enzyme increased during fermentation time as such time proceeded
and maximized on the third day of incubation for bacterial strains, and on the fifth
day for yeast and fungal strians. The decline of lipase activity after three and five
days could be explained on the basis that such enzyme may be attacked by proteinas-
es in the culture fluids. Vadhera and Harmon (1969) found that the maximum produc-
tion of lipase was attained after 5 days of incubation for Staphylococcus aureus.
Hauka et al. (1991) also found that Aspergillus fumigatus lipase was at maximum af-
ter 5 days incubation.
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Table 2. Time-course of lipase production for various organisms (Enzyme activity is
expressed as pmole FFA/ml/min).

Organism Lipase activity
F. B. S. A. A.
Time (days) aeruginosa | subtilis (12) cerevisiae oryzae | flavus
1 3.2 3.8 0.0 2.8 2.0
2 3.6 4.2 2.0 3.0 2.2
3 5.1 4.8 2.4 3.2 2.4
4 5.0 4.4 2.6 ‘3.4 2.8
5 4.9 4.3 3.8 3.6 3.4
6 4.8 3.6 3.6 3.4 3.0
7 4.4 3.5 23 2.6 2.0
8 4.0 3.0 2.2 2.4 1.6
9 3.6 2.0 2.0 2.0 1.5
10 3.0 1.5 1.5 1.8 1.0

Effect of different carbon sources on lipase production:

The carbon-energy source is critical for optimal growth and product forma-
tion. Data on the effect of different carbon sources (1.0% concentration) on the pro-
duction of lipase are presented in Table (3). Glucose promoted the highest enzyme
activity with bacterial strains tested, Saccharomyces cerevisiae (4) and
Aspergillus flavus (2), but for Aspergillus oryzae, sucrose stimulated lipase pro-
duction. On the other hand, other carbohydrates showed reduction in lipase activity
for these organisms. These findings are in accordance with those of Chander et al,,
1977 & 1981 and Hauka et al. (1991).

Effect of nitrogen sources on lipase production:

Peptone and urea were replaced by different nitrogen sources at equivalent
percentages of elemental nitrogen in the bacterial medium. In the fungal medium
only, peptone was replaced by other nitrogen sources. The results are presented in
Table (4). it is obvious from the data that casein and peptone allowed a high produc-
tion of lipase and the maximum activity was 5.6 and 6.4 pmole FFA/mlI/min. by
Pseudomonas aeruginosa and Bacillus subtilis (12), respectively. Wheat bran gave
maximum yield of lipase of yeast and fungal organisms. It can be inferred from the
results that lipase activity is dependent on the nitrogen source in the medium. These
results are in harmony with theose obtained by Hosono & Tokita (1970) and Chander
et al. (1980).
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Table 3. Biosynthesis of lipase tested organisms after growth on various carbon

sources (Enzyme activity is expressed as umole FFA/ml/min).

Organism Lipase activity
P; B. S. A. A,
Carbon sources aeruginosa | subtilis {12) cerevisiae oryzae | flavus
Glucose 5.2 4.8 4.8 3.6 3.4
Galactose 3.2 3.0 3.2 3.2 2.4
Fructose 4.8 2.8 4.0 3.0 2.0
Mannitol 4.6 2.8 4.0 3.5 2.0
Glycerol 4.0 3.0 2.8 3.4 1.6
Maltose 3.9 2.4 3.2 3.4 1.4
Sucrose 4.0 2.7 4.4 4.4 2.0
Lactose 2.6 2.4 4.0 3.2 2.2
Molasses 3.6 2.0 3.6 2.8 1.8
Gum Arabic 3.8 2.0 3:8 2.8 2.4
Pectin 4.0 2.0 3.2 3.6 2.2

Table 4. Biosynthesis of lipase by different organisms after growth on various nitro-

gen sources (Enzyme activity is expressed as umole FFA/ml/min).

Organism Lipase activity
P. B. S A. A,
nitrogen sources aeruginosa | subtilis (12) cerevisiae oryzae | flavus
Control 5.2 4.8 4.8 4.4 3.4
Casein 5.6 5.6 4.0 4.4 3.6
Wheat bran 4.8 6.0 4.8 4.5 4.0
Peptone 5.2 6.4 3.6 3.2 3.4
Soybean meal 3.0 5.6 3.9 3.0 3.2
Urea 2.0 4.8 3.6 3.0 3.0
Gelatin 2.4 3.2 3.8 3.3 2.8
Sodium nitrate 4.8 5.4 3.4 2.8 3.0
Ammonium sulphate 2.0 2.4 3.7 3.6 2.4
Potassium nitrate 1.8 1.8 3.8 3.2 2.4
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Effect of different lipids on lipase production:

Oils were added in the growth medium at 1.0 & 0.1% concentrations for bac-
teria and fungi, respectively. In general, Table (5) shows that plant oils increased li-
pase secretion for bacterial strains. On the other hand, synthesized triglycerides
and animal lipids showed inhibitory effect on the lipase production. In Table (5) dif-
ferent lipid sources repressed lipase production with fungal organsims. Finally,
these results suggest that lipase of bacterial organisms appeared to be inducible with
plant oils, but fungal lipases are constitutive enzymes.

Our results are in agreement with those obtained by Khan et al. (1967). They
found that Achromobacter lipolyticum produces lipase and the yield of lipase can be
increased three folds by the addition of olive oil, coconut oil, or butter fat to the
medium. Hauka et al. (1991) in their work on Aspergillus fumigatus found that lipids
represeed lipase production.

Table 5. Effect of different oils and fats on the production of lipase (Enzyme activity
is expressed as umole FFA/ml/min).

Organism Lipase activity

P. B. S. A A.
Oil and fat aeruginosa | subtilis (12) cerevisiae oryzae | flavus
Olive oil 5.6 6.4 31 3.4 3.4
Soybean oil 4.0 4.8 4.5 4.4 3.9
Coconut oil 4.0 3.6 2.4 2.8 2.6
Sunflower oil 4.4 4.0 3.0 3.0 2.8
Corn oil 4.0 4.0 3.4 3.6 3.4
Cotton seed oil 352, 3:2 26 3.0 27
Stearin 2.4 2.8 2.2 2.6 2.4
Olein 2.0 1.2 2.8 2.8 2.8
Butter oil 2.8 2.0 2.6 2.6 2.8
Tallow fat 2.6 2.0 3.0 3.4 3.0
Caster oil 2.4 3.2 3.0 4.0 3:2
Control 2.8 2.6 4.8 4.5 4.0

Effect of different fatty acids on lipase production:

The stimulation or inhibition of lipase production by fatty acids are shown in
Table (6). Fatty acids were added with 0.5% concentration to the growth medium.
Butyric acid showed slight inhibition for the enzyme formation by all tested organi-
sms. Other fatty acids were inhibitory for lipase production by the tested strains.
These findings are in agreement with those obtained by Chander et al. (1979).
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Table 6. Effect of addition of different fatty acids to the defined medium on the pro-
duction of lipase (Enzyme activity is expressed as pmole FFA/mi/min).

Organism Lipase activity
P. B. S: A. A.
Fatty acids aeruginosa | subtilis (12) cerevisiae oryzae | flavus
Control 5.6 6.4 4.8 4.5 4.0
Butyric acid 5.6 5.2 4.4 3.6 3.8
Palmitic acid 4.8 4.0 2.8 1.8 2.4
Stearic acid 4.0 4.4 3.2 1.8 2.0
Oleic acid 4.4 3.2 2.8 1.6 2.8

Effect of lipid concentration:

This experiment was designed to investigate the influence of olive oil and
soybean oil concentration with and without sugar (carbohydrates) on the production
of bacterial and fungal lipases. Synthesis in absence of lipid sources indicate that li-
pase is constitutive enzyme. The results achieved show also that the absence of car-
bohydrates, from the growth medium, greatly inhibited lipase production in the
presence of olive oil and soybean oil concentrations for bacterial and fungal strains,
respectively. Olive oil (1.0%) slightly enhanced bacterial lipase production (Table
7). Soybean oil (0.2%) slightly enhanced fungal enzyme synthesis. Finally, the re-
sults obtained indicated that lipase was slightly inducible. Also, the poor synthesis of
enzyme in absence of essential energy source (carbohydrates) by all test organisms
indicate that lipase is constitutive enzyme. This result is in agreement with those
obtained by lwai and Tsujisake (1974).

Table 7. Effect of oil concentration on the biosynthesis of lipase (Enzyme activity is
expressed as umole FFA/ml/min).

Organism Lipase activity
Olive oil Soybean oil
P. B. S. A. A.

aeruginosa | subtilis (12) cerevisiae oryzae | flavus

Qil concentration % a b a b a b a blalb
0.1 5.2 {24 ] 6.2 1.6 4.5 1.9 |4.3]1.8 [3.9]2.0
0.2 5.2 | 2.6 6.2 2.2 5.0 1.8 [4.6]|1.7 [4.1]1.8
0.4 5.2 | 2.8 6.2 2.4 4.0 1.6 [3.5{1.6 [3.2{1.6
0.6 5.4 | 3.2 6.2 2.5 2.0 0.8 |3.2(0.6 |2.7{1.4
0.8 5.4 |36 | 64 2.4 1.5 0.6 |2.5(0.5 |2.4(1.3
1.0 56 |36} 6.4 2.4 0.0 0.0 |1.6]0.5 {1.4]1.2
Oilless 53 | 2.4 6.0 1.0 4.8 1.6 |4.5]0.8 |4.0(1.6

a = With sugar source in media. b = Without sugar source in media.
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Effect of pH on lipase production:

In industrial fermentation the maintenance and control of pH is important for
optimal growth and/or product formation. The results of the effects of different pH
values on lipase production are shown in Table (8). It is seen that the pH greatly af-
fected the enzyme activity of culture fluids of the organisms. A pH range of 5.0-7.0
seemed to be optimal for lipase production from bacteria and Aspergillus oryzae and
a pH range of 6.0-8.0 seemed to be optimal for Saccharomyces cerevisiae (4) and
Aspergillus flavus (2) lipase production. Outside these ranges, the enzyme was in-
hibited. The maximum lipase productivity by the procedures strains was noted at pH
6.0. Our results are in close agreement with the findings of Chander et al. (1980).

Table 8. Effect of initial pH value of the culture medium on the biosynthesis of lipase
(Enzyme activity is expressed as umole FFA/ml/min).

Organism Lipase activity

P. B. Si A. A.
pH aeruginosa | subtilis (12) cerevisiae oryzae | flavus
4 1.2 3.0 2.4 3.2 1.6

5 4.2 5.2 4.0 4.2 2.4

6 5.6 6.4 5.0 4.6 4.1

7 3.6 5.0 4.6 4.0 4.0

8 3.0 4.0 4.4 3.0 3.2

9 2.4 3.5 4.0 2.7 2.0

Effect of incubation temperature:

Temperature affects the efficiency of carbon-energy conversion to cell mass.
Thus, in process of optimization, it is important to realize that temperature may af-
fected growth rate and product synthesis rate differently. From Table (9), it can be
observed that the incubation temperature greatly affected lipase production. The
highest enzyme activity was reached at 30°C for the tested strains. No difference in
lipase productivity by Bacillus subtilis (12) at 25 and 30°C. Enzyme production was
decreased at other temperature degrees. These results are in conformity with the
findings of Chander et al. (1981). -

Effect of aeration:

Highest enzyme activity was observed in shake cultures in comparison to sta-
tionary cultures. The results in Table (10) show that organisms require large quan-
tities of dissolved oxygen for high lipase production. These results are in line to
those obtained by Chander et al. (1980).
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Table 9. Effect of incubation temperature on the biosynthesis of lipase (Enzyme ac-
tivity is expressed as pmole FFA/ml/min).

Organism Lipase activity

P. B. S. A A.
Temperature °C aeruginosa | subtilis (12) cerevisiae oryzae | flavus
20 0.4 4.0 2.5 3.2 2.4

25 4.7 6.4 35 3.6 4.0

30 5.6 6.4 5.0 4.6 4.1

35 4.9 3.6 2.5 2.5 4.0

40 4.0 1.6 35 2.2 2.4

45 2.4 1.2 1.0 2.0 1.8

Table 10. Effect of shaking on lipase production by the test organisms (Enzyme activ-
ity is expressed as umole FFA/ml/min).

Organism Lipase activity
P. B. S. A. A.
aeration aeruginosa | subtilis (12) cerevisiae oryzae | flavus
Without shaking 5.6 6.4 5.0 4.6 4.1
With Shaking 7.6 9.0 5.6 6.0 5.5
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