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Abstract: The aim of this study was to investigate the ability of the
filamentous fungus Trichoderma harzianum to secrete lipolytic activity and
examined the influence of carbon on lipase production. A quantitative
analysis of lipase activity was performed by the titration method using olive
oil as a substrate. The isolated strain was cultivated in shaking flasks
containing basal media and supplemented with olive oil 1 % (v / v) as lipid
source. The effect of other carbon sources added to basal medium as lauric
acid ester (Tween 80) and glucose was tested to improve enzyme
production. Maximum biomass was produced at a concentration of
(1906 rng-mL'1 + 4.58) and (622.5 mg-rnL'1 + 9.19) in mineral medium
supplemented with glucose (2 %) and Tween 80 respectively. However, the
lipase activity was maximal for olive oil (1.58 TU'mL" min™ + 0.11). The
result obtained in this study indicated that olive oil proved to be the best
inducer and stimulated lipase production. Glucose and Tween 80 supplied
as additional carbon sources have not enhanced the lipase production,
whereas they only increased the biomass of 7. harzianum.

Keywords: fungal lipase, glucose, lipolytic-producing fungi, olive oil,
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INTRODUCTION

Lipases (triacylglycerol acylhydrolases, E.C.3.1.1.3) are a class of enzymes that
catalyze the hydrolysis of triglycerides to glycerol and free fatty acids at an oil-water
interface [1, 2]. The many applications of lipases include detergents, pharmaceuticals,
cosmetics, leather processing, production of aliphatic acids, and in the treatment of
domestic and industrial wastes [3, 4].

Microorganisms able to produce lipases can be found in several habitats, including
wastes of vegetable oils and dairy product industries, soils contaminated with oils,
seeds, and deteriorated food [5]. The soil has a great variety of microorganisms that can
be isolated and evaluated for their potential as enzyme producers. Several methods can
be used for microorganism screening based on the determination of the presence of
extracellular lipases. The use of a solid medium with inducer substrates such as
vegetable oils, standard triglycerides (Tributyrin), Tween 80, and dyes has been widely
described in the literature. However, some of these substrates may not be adequate for
lipase detection [6].

Among the microorganisms, fungi are recognized as one of the best lipase sources.
Fungal lipases are versatile in its enzymatic properties and substrate specificity, which
make it very attractive for industrial applications [7]. Fungal enzymes are extracellular
in nature and they can be extracted easily [8].

Lipases have been extensively studied because of their actual and potential applications
in the detergent, oil and food industries. Recently, various strategies in the
pharmaceutical and chemical industries have used lipases in the synthesis of pure drugs
and agrochemicals [5].

Fungi are preferable lipase sources because fungal enzymes are usually excreted
extracellularly, facilitating extraction from fermentation media. Filamentous fungi,
especially those of genera Rhizopus, Mucor, Geotrichum, Aspergillus, Fusarium and
Penicillium are widely used as sources of lipases [9].

During our screening of filamentous fungi which may produce extracellular lipase, we
have isolated Trichoderma harzianum strain. The present study was to evaluate the
ability of 7. harzianum strain to hydrolyze olive oil. The influence of glucose and
Tween 80 (lauric acid ester) on the lipase activity was checked.

MATERIALS AND METHODS
Isolation of lipase producing microorganism

Microorganism isolated from oil contaminated soil was isolated in our laboratory from
soil samples collected from region of Guelma (Algeria). The fungal organisms present
in the soil were isolated using soil dilution method [10]. The sample was inoculated to
the Potato dextrose agar (PDA) supplemented with Gentamycin 0.1 % (v / v), then
fungus was cultured at 30 °C in tubes and Petri dishes on Sabouraud-dextrose agar
(Sigma-Aldrich) [11].

Isolate was cultivated on PDA at 30 = 1 °C until colonies covered approximately two-
thirds of the area of the Petri dishes, and kept in sterile distilled water at 6-8 °C, as stock
for future inoculations [12].
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Pure cultures of fungal strains were obtained by subculturing on PDA medium, and
maintained at 4 °C [13].

Lipase production

For determination of lipase activity, the test fungal strain was grown on basal medium
contained (in g-L'l): NaH,PO4 12 g, MgS04-7H,0; 0.3 g, KH,PO4 2 g, CaCl, 0.25 g,
Ammonium sulphate (NH4),SO4 at 1 % and olive oil at 2% were used as nitrogen and
carbon sources, The initial pH was adjusted to 6 [14]. The culture was inoculated in
250 mL Erlenmeyer flasks containing 50 mL production media. It was incubated at
30 °C under submerged fermentation conditions. The growth was measured in terms of
OD at 600 nm (JENWAY 6300 spectrophotometer). The pH of the medium was also
determined by a pH-meter. Samples were collected, filtered through Whatman paper,
the cell free supernatant obtained was used as the enzyme source [12].

Determination of lipolytic activity

This assay was performed using olive oil as a substrate. Lipase activity was assayed by
titrating the fatty acids liberated from olive oil with alkali [1].

Then the enzyme solution (1 mL) was added to 5 mL of substrate emulsion (mixing
1 mL of olive oil in 9 mL of a 2 % solution of gum Arabic from acacia tree Sigma-
Aldrich Chemical Co (India) prepared in distilled water) and 4 mL of 0.1 M phosphate
buffer, pH 7.0 (Na,HPO4-NaH,PO,). Samples were incubated for 15 min at 30 °C [3].
Enzyme activity was determined by titration of the fatty acid released with 50 mM
NaOH. One activity unit of lipase was defined as the amount of enzyme, which released
1 umol of fatty acid per minute under assay conditions [15].

Effect of carbon source additives on lipase production

For lipase production, the basal media containing olive oil 1 % (v / v) as lipid source
was added. Glucose and Tween 80 were supplied as additional carbon sources at 1 %
and 2 % (w/ v).

Biomass determination

The biomass in growth media was detected according to dry weight. The growth media
were filtered through pre-weighed filter paper and the biomass was then dried in an
incubator at 30 °C for 24 h [1, 16].

Partial identification of fungal isolate

Partial identification of fungus isolate was done by visual observation in Petri dish
culture and micro-morphological studies in slide culture. For visual observation, the
isolate grown in PDA was used. The fungal isolate were observed for their growth
characteristics (texture, pigmentation, form, spore formation) [17, 18].

Effects of pH and temperature on lipase activity

The pH effect on activity was studied by olive oil assay in a pH range of 4 - 8 using
citrate-phosphate at 50 mM under standard assay conditions, as described above.
Temperature is a critical parameter that has to be controlled and varied from organism
to organism for cell growth and enzyme production. In order to optimize the
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temperature for maximum lipase production, basal medium was prepared and incubated
at different temperatures ranging from 25 - 60 °C at pH 7.0 using phosphate buffer
(50 mM).

All used regents are pure analytical and were purchased from Sigma-Aldrich.

RESULTS AND DISCUSSIONS
Preliminary selection of strain for lipase activity

The strain Trichoderma harzianum isolated in our laboratory was screened for their
lipase producing ability on solid agar. The microorganism plate screening on solid
medium containing Tributyrin and Tween 80 show visible halos after 3 days of
incubation.

Halo zones in medium containing Tween 80 (20 - 14 mm) were observed around
circular wells with culture supernatant and in medium containing Tributyrin were
(11 - 15 mm) (data not shown).

Lipase production

As shown in Figure 1, lipase production reached a maximum (1.58 IU-mL"min™ +
0.11) at 72 h in basal medium containing olive oil 1 % (v/v) as lipid source, confirming
results obtained by [14], they reported that the production of lipase was more significant
in culture medium added with lipids as the carbon source than in the culture medium
without lipids. It was demonstrated that the lipase activity is induced by the presence of
lipid substrates in the medium. The result in Figure 1 indicated also that there was
decreasing in pH of fermented medium from 6.8 to 6.08 at 120 (h), this finding is in
agreement with Corzo and Revah, they reported that the low pH of the culture might be
the result of the production of organic acids such as oleic acid, which could affect lipase
activity [20].
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Figure 1. Rate of production of fungal biomass OD (-0-), lipase activity (-X-) and
medium pH (-0-) during fermentation
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Figure 2 shows the rate of production of lipase activity, fungal biomass and medium pH
change during fermentation in minimal medium supplemented by glucose (2 %) at 30 +
1 °C for 120 h of incubation with shaking at 120 rpm.

Maximum growth rate was observed between 48 h and 72 h of fermentation, also
lipolytic activity reached (0.96 TU-mL"-min™). After 72 h, there was a reduction in
lipase activity and biomass.

According to Veerapagu et al. [21], reduction in the lipase production in the presence of
sugars as carbon sources could be due to catabolic repression by readily available
carbon sources in the medium.

It was also reported that further increase in the incubation period resulted decrease in
the production of lipase. It might be due to the exhaustion of the nutrients and
production of metabolic byproducts (inhibitors) in the fermenting medium. The
accumulation of these byproducts resulted in decreased production of lipase by fungal
strain [22].
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Figure 2. Effect of incubation time on lipase activity (IU-mL " min”) of
Trichoderma (-A-), optic density OD (-X-), and pH of culture medium (-0-)
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Figure 3. Effect of incubation time on lipase activity of Trichoderma (-A-), pH
of culture medium (-0-),optic density OD(-0-), Cultivation was performed with
mineral medium supplemented with olive oil and Tween 80 (1 %)
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The enzyme activity (1.0 [U'mL"-min™") was recorded in Figure 3; the microorganism
was grown in flasks with 50 mL of medium at 30 °C for 96 h with shaking at 120 rpm.
Adding Tween 80 (1 %) in the culture media did not increase the lipase production,
however it increased biomass of strain. The result showed also that the pH of the
medium decreased gradually from the initial pH of 6.7 to 4.4 in the exponential phase;
then the pH increased to 5.5 during the stationary growth phase this report is in
agreement with our findings [23].

The decrease in pH might be due to some organic acid production during enzyme
production, and the increase in pH might be due to the production of free amino acids
[24].

In contrast to some studies, it was determined that the concentrations of Tween 80
between 0.5 and 2 gL increased extracellular lipase activity without changes in the
concentration of biomass [20].

Effect of carbon source Additives on lipase production

Table 1 shown dry weight and Lipolytic activity of 7. harzianum in different sources of
carbon. Maximum lipase activity (1.58 U'mL) was recorded on day 4 of incubation of
the culture at pH 6.8 and 30 °C, when medium was supplemented with olive oil in the
absence of glucose and Tween 80. This result is in contrast with the report of a study
carried out by Ulker et al. [16] and by Francis et al. [19]. In another study Lipase
production is influenced by the type and concentration of carbon and nitrogen sources,
as well as culture pH and temperature [24]. More biomass was achieved when glucose
(2 %) was added to the medium (1906 mg'mL"™" + 4.58), confirming results obtained by
Bancerz et al. [26]. Similar results were obtained by Falony et al. [14], and Ramos-
Sanchez et al. [27], they reported that sugar substrates only favor the growth of the
microorganism but not the synthesis of lipase, whereas oleic acid, and olive oil enhance
its synthesis.

Table 1. Effect of carbon source additives on lipase production and biomass of
Trichoderma harzianum

et I
1(:/1[;‘171:roaillr(rll\e/:lcil)um supplemented with 244+ 1.41 1584011
(M1) plus Tween 80(1 %) 622.5+9.19 1£0.04
(M1) plus glucose (1 %) 530.5+0.71 0.96 +0.05
(M1) plus glucose (2 %) 1906 + 4.58 0.45 +0.06

Effects of pH and temperature on lipase activity

The effect of temperature on lipase production is presented in Figure 4, maximum lipase
production was observed at temperature of 30 °C. Data obtained revealed that
incubation at temperatures below and above 30 °C decreased enzyme production.
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Figure 4. Effect of temperature on lipase activity of Trichoderma harzianum (-0)
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Figure 5. Effect of pH on lipase activity of Trichoderma harzianum (-0-)
Relative activity %

Figure 5 shows that the activity of the enzyme increased from pH 5.0 to 6 and highest
lipase activity was found at pH 6, which is in agreement with the finding of Ayinla et
al.; they reported that most fungal cultures prefer a slightly acidic pH medium for
growth and enzyme biosynthesis [17].

Lipase production decreased at alkaline and acidic pH of 8.0 and 4.0 respectively,
confirming results obtained by Leow, T. C. ef al., who reported that none or low lipase
activity was observed at pH below 6.0 [28].

CONCLUSION

In this study, we identified a strain of Trichoderma harzianum which excretes an
extracellular lipase. Secretion of lipolytic enzymes in submerged cultures of the strain
this has been investigated; better lipase yields were obtained in minimal medium with
oil olive as the sole carbon source.

Glucose and Tween 80 enhanced the growth of 7. harzianum whereas they decreased
the production of extracellular lipase by this strain.
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