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INTRODUCTION 

 

Palm oil is intensively produced in the Peruvian Amazon. The palm tree (Elaeis 

guineensis) culture covers 57,752 Ha with a production of 595,944 Tm RFF/year.  
Unfortunately, this vegetal oil has a high percentage in saturated fatty acids 

triglycerides. Indeed, the standard fatty acid composition shows high percentages 

of saturated fatty acids: 44% palmitic (C 16:0), 1.1% lauric (C12:0), 1.1 % 
myristic (C14:0) and 4.5% stearic (C18:0) versus 39.2% oleic acid (C18:1) and 

10.1% linoleic acid (C18:2) (Noor et al., 2003; Sellami et al., 2011). As 

consequence, the ingestion of palm oil by humans is not recommended due to the 
large quantities of cholesterol that could be synthesised from saturated fatty 

acids. In addition, to prepare the oil for a continue human consumption the red 

colour associated to the presence of trienols and polyols must be removed by 
absorption and then a distillation at vacuum is performed to obtain palm olein 

(PO) or super-olein (PSO) with higher concentration in oleic acid triglycerides 

than palm oil (CPO) and with a nice yellowish colour. After this manipulation, 
near 70 % of PO is obtained and stearine is the second product (≈ 30 %) with low 

price and a reduced market. So, the transformation of stearine to high price 

substrates is an industrial objective for the palm oil factories. 
 An environmental sustainable alternative to the conventional refining 

methodology would be –after decolouration- the selective lipase-catalyzed 

hydrolysis of saturated fatty acid triglycerides. The lipase-catalyzed hydrolysis of 
palm oil triglycerides has been described using commercial lipases (Sellami et 

al., 2011; Kaewthong et al., 2005; Ribas et al., 2013; Gonçalves et al., 2012; 

Voll et al., 2012). With the aim to develop more selective and cleaner processes 
avoiding the bacterial contamination, several lipase producer thermophile strains 

have been tested. Bacillus thermoleovorans (Lee et al., 2001), thermophilic 

Rhizopus oryzae isolated from Cameroonian palm oil fruit (Hiol et al., 2000) and 
Acinetobacter baylyi isolated from marine sludge in Angsila (Uttatree et al., 

2010) are three examples of this topic. Another interesting sustainable process is 

the concentration and isolation of tocopherols and tocotrienols (1 % until 15 % 
depending of sources) from palm oil distillate by means of selective lipase-

catalyzed hydrolysis of their esters (Chu et al., 2002). 

Taking into account the great Biodiversity in the Peruvian Amazon, we have 
carried out an ecological screening of lipase-producing microorganisms with the 

aim to obtain interesting lipase producer strains for these processes, especially for 

the hydrolysis of saturated fatty acid triglycerides as palm stearine. 

 

MATERIAL AND METHODS 

 

Microorganisms and chemicals 

 

The microorganisms were obtained from different zones of one Peruvian palm oil 
factory (Industrias del Espino S.A. (Santa Lucia, San Martín, Perú)).  The 

reagents were from Merck. Crude palm oil (CPO), palm olein (PO), palm super-

olein (PSO), palm stearine (PST), palm refined deodorized stearine (RDST) and 
crude palmist oil (PMO) were kindly supplied by Industrias del Espino S.A. 

(Perú). RDST is a decolorized stearine with similar qualitative composition than 

PST. In Table 1, the relative proportions of the major fatty acids of the substrate 
is shown. Palmitic acid (C16:0) is the main fatty acid in the palm oil derivatives. 

The refining process carrying to PO and PSO has the objective to increase the 

proportion of unsaturated fatty acids as oleic (C18:1) and linoleic (C18:2) acids.  
 

 

 

 

 

 

 

 

 

 

 

Two yeasts: Cryptococcus uchicensis TMY9 and Pichia uchicensis TMY10 and one fungus Verticillium tingalensis TMFMB are 
described for the first time as lipase producer microorganisms. The strains have been isolated after an ecological screening in a palm oil 

industry. The yeasts- C. uchicensis and Pichia uchicensis - mainly produce extracellular lipases as active as those produced by 

traditional lipase producing microorganisms. The extracellular lipases are active in the hydrolysis of crude palm oil and its industrial 
derivatives. Contrarily in the isolated fungus, the lipase mainly remains bonded to biomass. In all cases, greater hydrolytic activities are 

observed in the hydrolysis of palm olein and super-olein than with saturated substrates as stearine. P. uchicensis lipase shows moderated 

selectivity versus saturated acid triglycerides compared to substrates with high proportion of oleic acid (olein or superolein). The 

opposite behavior is observed with C. uchicensis and fungal lipases. P. uchicensis produces a more active crude lipase than C. 

uchicensis with lower biomass production. The kinetic runs performed with crude yeast lipases suggest a three steps mechanism where 

the high penetration of lipase in the fat gouts favors the hydrolysis. 
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Table 1 Relative fatty acid composition of the substrates 

Fatty acid Structure 
Crude Palm oil 

(CPO)* 
Palm Stearine 

(PST) ** 
Palmiste   oil 

(PMO) ** 
Palm Olein 

(PO)* 
Palm Superolein 

(PSO)* 

Myristic C14:0 0.961 1.1-1.7 14.3-16.8 0.849 0.5-1.5 
Palmitic C16:0 42.465 49.8-68.1 6.5-8.9 36.768 30-39 

Stearic C18:0 0.395 3.9-5.6 1.6-2.6 - 2.8-4.5 

Oleic C18:1 44.616 20.4-34.4 13.2-16.4 49.482 43-50 
Linoleic  C18:2 10.372 5.0-8.9 2.2-3.4 11.745 10.5-15.0 

       

I2 index  50.4-53.7** 27.8-45.1 - 56.0-59.1  ** >60 

Saponification 
Index 

 194-205 ** 193-205 243-249 194.0-202.0** 180-205 

* Eqbal et al. (2011), ** MPOB (2013). 

 
The higher the I2-index value is, the higher the percentage of unsaturated fatty 

acid is. The high I2-index of crude palm oil is related to the presence of trienols 

and polyols (≈1-5 % w) that give the red colour to CPO. These polyols are not 
present in the palm oil derivatives (PST, PMO, PO and PSO). The higher 

insaturation degree in PO and PSO compared to PST and PMO should be related 

to greater proportion of unsaturated fatty acid (C=C bonds). Finally, the similar 
saponification index in all tested substrates indicates to us that similar free fatty 

acid amounts are present in all cases. 

 

Culture media 

 
The microorganisms were isolated from the solid or liquid samples using two 

culture media: i) yeasts, YED (Cárdenas et al., 2001): glucose=20g/L; yeast 

extract = 10g/L; agar (15 g/L) and ii) fungi: Bengal pink agar (30 g/L) (10), T= 
28ºC. 

Then the isolated microorganisms were cultured in the presence of crude palm oil 

to discriminate the best lipase-producer microorganisms. BYPO medium 
(Cárdenas et al., 2001): peptone 10 g/L; yeast extract=3 g/L; meet extract=5 

g/L; NaCl=5 g/L; KH2PO4 =7g/L; Agar=15 g/L (adjusted to pH=7 before 

sterilizing) supplied with crude palm oil (25mL/L) was used. 
The selection of microorganisms with high production of lipase was performed 

using a minimal medium previously described (11, 12): NH4Cl = 1 g/L; KH2PO4 

=1g/L; K2HPO4=2g/L; KCl=0.1 g/L; MgSO4.7H2O=0.5g/L; CaCl2=0.01 g/L; 
FeSO4.7H2O= 0.012 g/L supplied with crude palm oil (20mL/L) as the carbon 

source. The fermenter conditions were: T=30 ºC, 150 r.p.m. We used 50 mL of 

culture medium in 250 mL Erlenmeyer. 
The concentration of yeast cells (106cells/mL) was measured by turbidimetry at 

660 nm using as reference equation [1]. S. cerevisiae culture was used as the 

reference and the cell concentration was determined using a Neubauer chamber 
(0.1mm deep and 0.022 mm2 surface). 

 

                                                        [    ]                 [ ] 
                  

 

In the case of fungi, biomass production was measured as d.c.w. after 
calcinations of rinsed biomass at 120ºC till constant weight. 

 

Hydrolysis of palm oil - Screening conditions 

 

The hydrolysis of crude palm oil was performed using the whole cells cultured in 

50 mL of minimal medium (pH=7) supplied with crude palm oil (2%).  The 
culture flasks (250 mL) were stirred at 150 r.p.m., T=30 ºC. When the cells arrive 

to stationary phase (48 hrs. yeasts or 72 hrs. fungi). The hydrolysis reactions were 

followed by titration of generated free acids in 1mL of the reaction medium.  The 
samples were picked-up every 2 hours. 

 

Determination of extra-cellular and cell bond lipase activities 

 

Different substrates were used: i) solid substrates such as PST, PMO, CPO and 

RDST were emulsified with   i-rOH (1:3 (v/v)). The liquid substrates such as 
PSO and PO were emulsified with gum arabic (10%) solution (1:1(v/v)).  

After the centrifugation of fermentation broth, the supernatant and the biomass 

were separated to explore the extracellular (Molnarova et al., 2013; 

Stathopoulou et al., 2013) and biomass-bonded activities (30), respectively. The 
total activity of the culture broth was measured with the liquid plus the biomass 

produced (Cárdenas et al., 2001) in 50mL of culture broth using minimal 

medium with 2% palm oil. The cell concentration was measured using the 
absorption at 660 nm as described above. The enzymatic activity was measured 

as µmol acid/(mL x h). The total volume was 50 mL in all cases. 

The supernatant lipase-activity was measured with 1mL of supernatant. One gout 
of EtOH was added to kill the picked-up cells in the supernatant sample. Then, 

0.1mL of gum arabic (10%), 1.2 mL of water and 1.0 mL of the substrate and the 
pH was fitted to 7.0 with phosphate buffer. The solution was stirred for 1hr and 

the acid produced titrated with 0.05N NaOH in the presence of phenolphthalein. 

The enzymatic activity was measured as µmol of acid /(mL x h) (Godia, 1998; 

Hlavsova et al., 2009; Darvishi et al., 2011). 

The lipase activity associated to the biomass was measured after centrifugation of 

biomass produced – 48hrs yeasts or 72 hrs. fungi.  The solid biomass was 
suspended in 5 mL of water and the palm oil was hydrolyzed as above.  

 

Kinetic runs 

 

The kinetic runs performed in the same experimental conditions as above. The 

substrate concentrations were lower than 0.3 mmol/mL. The lipase activity was 
defined as the μmol of acid liberated per hour and the productivity as the μmol of 

acid liberated per hour and millions of cells (yeasts) or gram (d.c.w.) (fungi). 

 

RESULTS AND DISCUSSION 

 

Screening 

 

An ecological screening was performed with samples obtained from different 

zones of one palm oil industry (Industrias del Espino S.A. (Santa Lucia, San 
Martin, Perú)). Different samples were taken from palm fruit, palm fruit waste, 

culture earths, solid and liquid residues etc. In addition, some samples were 

obtained from liquid water wastes from the plant (40ºC < T < 50ºC), looking for 
thermotolerant microorganisms. From these samples, 28 microorganisms were 

isolated using YED medium for the isolation of yeasts and pink Bengal agar for 

the isolation of fungi. Then, the strains were cultured in BYPO medium supplied 

with a 2% of crude palm oil. Only 15 strains grew in this medium with moderated 

or high lipase-activities. These microorganisms were mainly isolated from palm 

fruit residues, hot water wastes and of solid wastes, probably because in these 
wastes exist residual triglycerides from palm oil processing.  

These 15 microorganisms were cultured in a minimal medium where the only 

carbon source was crude palm oil (2%). After this step, only 10 yeasts grew and 2 
filamentous fungi were selected as lipase producers according to two criteria: i) 

easy growing conditions and ii) high lipolytic activity (Tab 2). The yeasts were 

identified in Colección Española de Cultivos Tipo (Universidad de Valencia, 
Spain). The fungi were identified in Glaxo-SmithKline laboratories (Tres Cantos, 

Madrid, Spain). The lipolytic activities were evaluated using cells in stationary 

growing conditions. 
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Table 2 Selected microorganism lipase producers using palm oil as the substrate.  Microorganisms cultured in BYPO with crude palm oil (20mL/l).T=30ºC, 150 r.p.m 

Microroganism Colony colour Origin of the microorganism Reaction agaisnt scualene  
Time 
(hr) a 

Biomass 

(106 cells/mL)a 
Lipolytic activity 

μmol/(mL x h) 

Yeast       

Candida sp. TMY4a Milky whitish  Palm fruit residues Bluish  32 1,187 149 

Candida albicans TMY4b 

 
Candida tropicalis TMY4b 

 

Candida ciferrii TMY4b 
 

Whitish 

 

Whitish 
 

Milky yellowish  

Palm fruit residues 

 
Palm fruit residues 

 

Palm fruit residues 
 

Green-bluish 

 

Blue-greenish 
 

Black 

34 

 

21 
 

13 

996 

 

647 
 

426 

127 

 
55 

 

57 
 

Candida boidinii TMY7 

 

Candida albicans TMY7 

Yellowish 

 
Yellowish 

 

Palm fruit residues 

 

Palm fruit residues 

Blue 

 

Blue 

25 

 

15 

2,609 

 

1,300 

145 

 

142 

Crytococcus uchicensis 
TMY9 

Strong yellow Culture earth Black 20 1,179 153 

Candida lypolítica  TMY10 

 

Pichia uchicensis. TMY10 

Yellowish 

 

Yellowish  

Solid waste 

 
   Solid waste 

 

Yellow-greenish 

 

Black 

23 

 
 

12 

1,433 

 
 

786 

152 

 
 

69 

Candida albicans TMY11   
Milky yellowish  
 

   Liquid waste 
(40ºC) 

Black 15 1,384 174 

Fungi       

Verticillium tingalensis 

TMFMB 
White fungus   Solid waste  58 - 152 

Aspergillus sp. TMFMV Green fungus   Solid waste  58 - 148 
a Stationary growing conditions. 

 

Three new lipase-producer microorganisms have been identified, two yeasts 
Cryptococcus uchicensis TMY9, Pichia uchicensis TMY10 and one fungus 

Verticillium tingalensis TMFMB. C. uchicensis lipase (CUL) shows higher 

activity (µmol/(mL x h)),  than that displayed by P. uchicensis lipase (PUL) and 
similar to that displayed by other traditional lipase producers such as  Candida 

genus (Tab 2). The low lipase activity of P. uchicensis must be carefully 

considered due to low biomass production. This datum could indicate a high 
specific lipase activity. It should be noted that V. tingalensis shows a similar 

lipolytic activity than traditional lipase-fungus producers such as Aspergillus sp 

(Tab 2). The enzymatic activity values achieved with these new strains are 
similar to that described in the literature for lipase SP398 (Novo Nordisk A/S 

Denmark) (Sellami et al., 2011) or for extra-cellular lipase from Bacillus 

thermoleovorans IDI (Lee, et al., 2001) using palm oil. 
 

Extra-cellular and membrane bonded lipase activities 

 
To explore the future applications in palm oil industry, the lipases obtained from 

the new microorganisms were tested with different substrates (Tab 3). The lipase 

activities were compared in the same experimental conditions with three Candida 
lipases – the yeasts - and with Aspergillus sp as well-known lipase producer 

microorganisms.  

The maximum lipolytic activity values were statistically evaluated by a factorial 
6 x 6 complete hazardous analysis using Estat Program ®. The results are mean 

of three runs. This analysis indicated to us that the yeasts and fungi show 

significant different activities versus each substrate.  
In the yeasts, the extra-cellular lipase activity is greater than that which remains 

bounded to the cell wall.  Other workers with bacteria, actinomycetes or yeasts 

(Cárdenas et al., 2001a; Dominguez de Maria et al.; Cárdenas et al., 2001b; 

Dominguez de María, 1999; Hlavsova et al., 2009; Darvishi et al., 2011) 

described the same behaviour.  Therefore, the study focused on yeast extra-

cellular lipases by technical reasons and with the aim to purify the enzymes. 
The observed extracellular lipase activity values of C. uchicensis with PO (figure 

1) is similar to that described with crude lipase extract of C. rugosa in the 

hydrolysis of olive oil (Dominguez de Maria et al., 2006). Therefore, the 
specific lipase activity could be improved by semipurification (Moreno et al., 

1997) or by the control in the fermenter conditions (De la Casa et al., 2006; 

Dominguez de Maria et al., 2005). 
Both isolated fungi showed lower extracellular lipase activity than that bonded to 

that biomass (Tab 3).  This finding could be a problem to scale up the process 

unless cloning and expression in another host should be done. The extra-cellular 
lipase activity of the fungi was greater than those of the lipases from 

Ovadendrum sulphureo-ochraceum or of Fusarium oxysporum (Hiol et al., 2000; 

Cárdenas et al., 2001a).  
CUL shows a clear selectivity versus substrates with high percentage of 

unsaturated acids (PO and PSO) (figure 1 and Tab 3). Contrarily, PUL shows a 

moderated selectivity versus RDST, PMO and PST (substrates with high palmitic 
acid percentage) and a low biomass production. Otherwise, extracellular crude 

lipases from the other yeasts showed a moderated selectivity versus substrates 

with high percentage in oleic acid (PO and PSO) as expected in Candida genus.  

As conclusion, we can say that yeasts are more interesting than fungi to scale up 
the production of lipases because they show opposite selectivity one to another 

and produce a high percentage of extracellular lipase. 

 

Hydrolysis kinetic runs of extracellular lipases  

 

The hydrolysis of the substrates was performed with different amounts of 
emulsified substrates (1.0, 2.0, 3.0, 4.0 y 5.0 mL). In these experiments, the 

percentage of hydrolysis was <20% to avoid secondary or reverse reactions The 

lipase-activity was measured as µmol acid liberated / (mL x h)) (Godia, 1998). 
The obtained results for Cryptococcus uchicensis TMY9 and Verticillium 

tingalensis TMF1, as examples, are shown in Figures 1 and 2, respectively. In 

some cases, the kinetic data could be fitted to a formal “Michaelis Menten” 
mechanism but in other case a pseudo-first order kinetic model was found. 

Therefore, we could think that a “real no-michaelian” mechanism is present in 

all cases, in accordance with the literature where a pin-pog bi-bi or other 
complexes mechanisms are proposed (Dominguez de María et al., 2006; 

Marwan et al., 2007; Kulschewski et al., 2013). In our conditions, we could say 

that the extra-cellular lipase concentration should be low because we are working 
with crude lipases. 

In accordance to the literature (Ribas et al., 2013; Tsai, 1993; Knezevic et al., 

1998; Mukataka et al., 1986) a conventional interfacial three steps mechanism 
was proposed. According to this mechanistic model, the complex equation could 

be fitted to a formal Michaelis-Menten equation [2] that is useful to obtain Vmax 

and an apparent Km (Tab 4). 
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If we assume that the affinity for the substrates is low, Km >>> [S] and the 

equation [2] is transformed in a pseudo-first order kinetic equation [4]. 
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Table 3 Comparative lipase activities observed in the extra- cellular broth and as wall cell bounded. Substrates 

Strain Substrates 

Activity 

Extracellular lipase 
(μmol/mL x h) 

Cell wall bonded lipase 
(μmol/mL x h) 

Candida sp. 

TMY41 

Palm stearine (PST) 153 55 

Crude palmist oil (PMO) 163 70 

Palm refined deodorized stearine (RDST) 152 52 

Crude palm oil (CPO) 149 59 

Palm super-olein (PSO) 167 58 

Palm olein (PO) 168 
61 

 

Candida albicans TMY72 

Palm stearine (PST) 137 46 

Crude palmist oil (PMO) 144 61 

Palm refined deodorized stearine (RDST) 147.5 48 

Crude palm oil (CPO) 142.5 51 

Palm super-olein (PSO) 144 60 

Palm olein (PO) 147.5 
61 

 

Cryptococcus 

uchicensis 

TMY9 

Palm stearine (PST) 158 60 

Crude palmist oil (PMO) 188 88 

Palm refined deodorized stearine (RDST) 158 64 

Crude palm oil (CPO) 153 66 

Palm super-olein (PSO) 167 66 

Palm olein (PO) 143 
75 

 

Pichia uchicensis 

TMY10 

Palm stearine (PST) 158 47 

Crude palmist oil (PMO) 162 61 

Palm refined deodorized stearine (RDST) 158 51 

Crude palm oil (CPO) 152.5 54 

Palm super-olein (PSO) 149 61 

Palm olein (PO) 153 
68 

 

Candida albicans  

TMY11 

Palm stearine (PST) 176 47 

Crude palmist oil (PMO) 192.5 66 

Palm refined deodorized stearine (RDST) 178 45 

Crude palm oil (CPO) 174 51 

Palm super-olein (PSO) 179 55 

Palm olein (PO) 177.5 
57.5 

 

Verticillum tingalensis 
TMFMB 

Palm stearine (PST) 65.0 80.0 

Crude palmist oil (PMO) 90.8 121.7 

Palm refined deodorized stearine (RDST) 66.7 73.3 

Crude palm oil (CPO) 101.7 131.7 

Palm super-olein (PSO) 121.7 145.0 

Palm olein (PO) 123.3 
148.3 

 

Aspergillus sp 

TMFMV 

Palm stearine (PST) 65.0 108.3 

Crude palmist oil (PMO) 88.3 176.7 

Palm refined deodorized stearine (RDST) 63.3 113.3 

Crude palm oil (CPO) 71.7 138.3 

Palm super-olein (PSO) 76.7 191.7 

Palm olein (PO) 76.7 176.7 
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Figure 1 Lipolytic activity of the lipase from Cryptococcus uchicensis TMY9 
with different substrates 

 

 

Figure 2 Lipase activity of the lipase from Verticillium tingalensis TMF1 at 
different substrate concentrations 

The kinetic data fitted to the best model, are present in Tables 4, 5 and 6. 

 

CUL kinetic data could be fitted to a pseudo- michaelian model. From Table 4 

we can deduce that the greatest Vmax is observed with unsaturated substrates, 

PO and PSO, but the apparent Km is the largest, too. In the other substrates, with 
large proportion of saturated acids (CPO, PST, and PMO (Tab 1)), Vmax and Km 

are low. Probably these results are related to the better penetration of lipase 

trough the liquid substrate gouts (PO and PSO) compared to the solid fats (PST, 
PMO, etc.). In this case, the penetration constant, kp, and kcat would be very large 

and so, the apparent Km and Vmax would be high.  
Contrarily, PUL (Tab 5) gave sigmoid curves indicating a complex mechanism 

(Figure not shown). Only the fitting to a pseudo-first order reaction was possible. 

The kap was greater with PO and PSO (Tab 5). As in the case of the lipase of C. 
uchicensis the greatest activities are obtained with the unsaturated substrates PO 

and PSO. According to [4], these results could be associated to high values of kcat 

or/and of kp. Taking into account the Km expression [3], the different kinetic 
equations observed in the case of both selected yeasts may be explained by a 

higher specific activity (kcat) in the case of PUL compared to CUL.  

Finally the kinetic behaviour of the lipase from the fungus V. tingalensis, is 
difficult to explain (Tab 6) because michaelian equations or pseudo-first order 

kinetics were obtained as the best models depending on the substrate. 

 

 

Table 4 Kinetic runs in the hydrolysis of different substrates using lipase from C. uchicensis TMY9. [Substrate] < 0.3 mmol/mL 

Substrate Equation R2 
Vmax x 103 

(mmol/L min) 

Km x 103 

(mmol/mL) 

Palm olein (PO) 1/V = 0.434 (1/[S]) + 32.4   0.974 309 13.40 

Palm super-olein (PSO) 1/V = 2.9 (1/[S]) + 67.7   0.983 148 43.00 

Crude palm oil (CPO) 1/V = 0.696 (1/[S]) + 465 0.943 22 1.50 

Palm refined deodorized stearine (RDST) 1/V = 0.576 (1/[S]) + 616 0.912 16 0.90 

Crude palmist oil (PMO) 1/V = 0.638 (1/[S]) + 433   0.971 23 1.50 

Palm stearine (PST) 1/V = 0.4101 (1/[S]) + 945   0.940 11 0.40 

 

Table 5 Kinetic runs in the hydrolysis of different substrates using lipase from Pichia uchicensis TMY10. [Substrate]< 0.3 mmol/mL 

Substrate Equation R2 kap  ((mmol /(l x min))/ 

( mL/g subst.)) 

Palm olein (PO) V = 0.354 [S] + 3 10-6 0.840 0.3540 

Palm super-olein (PSO) V = 0.276 [S] - 9 10-4 0.999 0.2760 

Crude palm oil (CPO) V = 0.0883 [S] + 9 10-4 0.996 0.0833 

Palm refined deodorized stearine (RDST) V = 0.0147 [S] + 8 10-4 0.900 0.143 

Crude palmist oil (PMO) V = 0.0001 [S] + 7 10-4 0.928 0.0001 

Palm stearine (PST) V = 0.0093 [S] + 8 10-4 0.942 0.0093 

 

Table 6 Kinetic runs in the hydrolysis of different substrates using lipase from Verticillium tingalensis TMFMB 

Substrate Kinetic model  Equation R2 

Vmax .103 

(mmol/(L.min) 
 

Km. 103 

(g/mL) 
 

kap  ((mmol(L.min))/ 

( mL/g subst.)) 

Palm olein (PO) Michaelian 1/V = 11,6 (1/[S]) + 447 0.999 2.2 25.20  

Palm super-olein (PSO) Michaelian 1/V = 9.64 (1/[S]) +703   0.998 1.4 13.70  

Crude palm oil (CPO) Difusión V= 10.9 10-3[S] +3 10-4 0.965   0.011 

Palm refined deodorized  
 stearine (RDST) 

Michaelian 1/V =0.810 (1/[S]) + 3495   0.999 0.3 0.24  

Crude palmist oil (PMO) Difusión V=9 10-3 [S] + 3 10-4 0.88   0.009 

Palm stearine (PST) Michaelian 1/V = 0.781 (1/[S]) + 3474 0.98 0.3 0.23  
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CONCLUSION 

 

Two yeasts C. uchicensis and P. uchicensis and one fungus V. tingalensis have 

been described by the first time as lipase producers. They have been isolated after 
an ecological screening of one palm oil industry of Peruvian Amazonian. The 

yeasts show higher extracellular lipase activity than biomass associated lipase 

activity. The fungus shows the opposite behaviour. The enzymatic activities of 
crude lipases are similar to others described in the literature. As conclusion, we 

can say that yeasts are more interesting than fungi to scale up the production of 

lipases because they show opposite selectivity one to another and produce a high 
percentage of extracellular lipase. Nowadays the purification and the induction of 

the lipases from yeasts are in progress. 
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