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The effect of pH on determination of activation energies
and the optimum temperatures of hydrolysis of olive oil

by lipase from porcine pancreas

JUSTYNA MIŁEK*

Department of Chemical and Biochemical Engineering, Faculty of Chemical Technology and Engineering,
University of Science and Technology in Bydgoszcz, Bydgoszcz, Poland.

Purpose: The present paper reports the determination of the activation energies and the optimum temperatures of olive oil hydrolysis
by porcine pancreas lipase with simultaneous effect of pH. Methods: The parameters were estimated based on the literature data on the
activity curves versus temperature for olive oil hydrolysis by lipase obtained from porcine pancreas. It was assumed that both the hy-
drolysis reaction process and the deactivation process of lipase were first-order reactions by the enzyme concentration. A mathematical
model describing the effect of temperature on porcine pancreas lipase activity was used. Results: The determinate activation energies Ea
were from 31.37 ± 5.38 kJ/mol to 61.60 ± 11.46 kJ/mol, the optimum temperatures Topt were obtained in the range from 305.46 ± 1.26 K
to 313.23 ± 1.18 K and the values of deactivation energies Ed were in the range from 65.18 ± 3.19 kJ/mol to 109.27 ± 6.79 kJ/mol.
Conclusions: The obtained results (Ea, Ed, Topt) might find application in research on the prognosis of pancreatic cancer.
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1. Introduction

The pancreatic cancer is an exceptionally aggres-
sive tumor with high mortality. Performing a compre-
hensive literature review shows that there are no ef-
fective diagnostic methods allowing for the prognosis
of this type of cancer. Lipase (triacylglycerol esters
hydrolase, EC 3.1.1.3) is one of the most important
pancreatic enzymes. This enzyme catalyses the hy-
drolysis of long-chain triacylglycerols to glycerol, free
fatty acids and mono- and diacylglycerols [11]. Stotz
et al. [24] hypothesized that the increased level of li-
pase quantity in the peripheral blood can be a diagnosis
for trauma to the pancreas (in the case of acute pan-
creatitis). Indeed, low lipase levels may make a prog-
nosis for a pancreatic tumor.

It is well documented that porcine materials are
often used in bioengineering and biomedical research
[3], [5], [26], [28]. For instance, porcine pancreas
lipase is used for medical purposes as a medicine
for patients with lipase deficiency [6]. Moreover, it
is suitable for the treatment of acute pancreatitis
and any conditions associated with pancreatic exo-
crine atrophy, including chronic pancreatitis and
cystic fibrosis [19].

It must be recognized that processes involving li-
pase cannot be designed without knowing the kinetic
parameters of the process. Therefore, studies on the
effect of temperature on lipase activity are required.
Hydrolysis with porcine pancreas lipase is usually
carried out at temperatures higher than 33 °C [1], [4],
[6]–[9], [13], [23], thus, a significant inactivation of the
enzyme may occur. Therefore, it is necessary to deter-
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mine the activation energy Ea, the activation energy of
the deactivation process Ed and the optimum tem-
perature Topt for porcine pancreas lipase. The method
of determining the kinetic parameters based on ex-
perimental data on the effect of temperature on the
activity of lipase from porcine pancreas has been pre-
sented in several previous studies [4], [7]–[9].

The purpose of the present work was to estimate
parameters of the activation energies Ea, the deactiva-
tion energies Ed and the optimum temperatures of oil
olive hydrolysis by pancreas lipase, whose obtained
values can be used in works focused on prognosis for
a pancreatic tumor.

2. Materials and methods

2.1. Assay of lipase activity
and effect of pH

Lipase activity is most often determined by the ti-
tration method [4], [7]–[9], [23]. It is based on sodium
hydroxide determination of fatty acids formed during
hydrolysis of triacylglycerol by lipase. The unit of
lipolytic activity (U) for the titration method is de-
fined as the amount of enzyme that releases of 1 μmol
fatty acid from olive oil in 1 minute under the condi-
tions of determination, usually 37 °C and pH in the
range from 6.0 to 7.5 [4], [7]–[9].

Parameters: optimum temperatures Topt, activation
energies Ea and activation energies of the deactivation
process Ed of olive oil hydrolysis by porcine pancreas
lipases were estimated from activity change curves at
temperature effect [4], [7]–[9].

2.2. The effect of temperature
on lipase activity

Values of activation energies, Ea and Ed can be de-
termined from the curves of the dependence of the
logarithm of the reaction rate (ln v) on the reciprocal
of temperature (1/T), the so-called Arrhenius depend-
ence [10]. However, the determined values of Ea and Ed
by application of the traditional method is burdened
with an error.

When studying lipase activity during the hydroly-
sis of olive oil, it is assumed that the change in sub-
strate concentration S during reaction time t is described
by the first-order equations due to the concentration of
the enzyme

kE
dt
dS

 , (1)

where k is the kinetic constant of the enzymatic reac-
tion [1/min] and E is the concentration of the active
enzyme [M]. Substrate specifity of pancreatic lipase
is a parameter insignificantly influence on lipase ki-
netics.

The change in lipase dimensionless activity a is also
described by the first-order kinetics [1], [13], [20],
using the following equation

ak
dt
da

d , (2)

where kd is the kinetic constant of the enzymatic reac-
tion [1/min].

The solution of Eq. (2) for the initial condition a
(t = 0) = 1 is

)()exp( d tftka  . (3)

Kinetic constants k and deactivation constant kd
depend on temperature T and are described by the
Arrhenius equations as:
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where A, B are pre-exponential factors of the hydroly-
sis reaction rate or deactivation process of lipase
[1/min], Ea is the activation energy for the enzymatic
reaction [kJ/mol] while Ed is the activation energy of
the deactivation process [kJ/mol], R is the gas con-
stant 8.315 J/(mol·K), and T is the absolute tempera-
ture [K].

Equations (1)−(5) are the basis for the derived de-
pendence of the change in the dimensionless activity
of the enzyme on the temperature measurement T as
follows:
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where Topt is the temperature at which lipase shows
maximum activity [K] and dimensionless parameter 
determines the relationship
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where ta is reaction time of olive oil hydrolysis by
lipase from porcine pancreas [min]. It means that
knowing the value of the activation energy of the
deactivation reaction Ed and the parameter , the
activation energy Ea is determined by the following
equation

1exp
d

da 




EEE . (8)

The full analysis of the solution of Eq. (6) was
presented in an earlier publication of Wojcik and
Miłek [27].

Equations (6)–(8) were used to determine the ki-
netic parameters of inulin hydrolysis by exo-inulinases
Aspergillus niger [12], olive oil hydrolysis (pH 8.9) by
porcine pancreas lipase [13], p-nitrophenyl palmitate
hydrolysis by lipases from Rhizopus oryzae 3562 and
Enterobacter aerogenes [14], hydrolysis of starch by
-amylase Bacillus licheniformis [15], inulin hydroly-
sis by endo-inulinase A. niger [16] and inulin hydroly-
sis by inulinase K. marxianus [27].

Based on Eq. (6), the kinetic parameters Ed and Topt
were estimated by non-linear regression according to
the methods of least squares [17], [18], [27], deter-
mining the residual sum of squared (RSS) from the
equation:
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where aexp is lipase dimensionless activity determined
experimentally and acal(Ed, , T, Topt) is lipase dimen-
sionless activity calculated from Eq. (6).

3. Results

Literature data [4], [7]–[9] for porcine pancreas li-
pase from Sigma-Aldrich (or Sigma) was analyzed. In
most cases, type II porcine pancreas lipase with an
activity of 177.3 U/mg were used. In Table 1, the
conditions for measuring lipase activity during the
hydrolysis of olive oil with the various buffer pH, the

various duration of measurement and the used the
initial concentration of olive oil [4], [7]–[9] are pre-
sented.

Table 1. Measurement conditions of porcine pancreas lipase activity
used to olive oil hydrolysis

pH phosphate
buffer t [min] Oil olives

concentration Ref.

6.0 20 25% (vol.) [4]
6.9 30 25% (vol.) [7]
7.0 30 25% (vol.) [8]
7.5 15 20% (vol.) [9]

t is reaction time of olive oil hydrolysis by lipase from
porcine pancreas.

The concentration of used buffers was 0.1 M and
polyvinyl alcohol was used as the emulsifier. The
activity of lipase at a specified temperature was de-
termined in the pH range of 6.0–7.5.

Fig. 1. The activity of lipase from porcine pancreas [4]

Fig. 2. The activity of lipase from porcine pancreas [7]
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Based on experimental data on the change in ac-
tivity of lipase from the porcine pancreas [4], [7]–[9]
vs. temperature, values of deactivation energies Ed,
 parameters and temperatures optimal Topt were deter-
mined on the basis of Eq. (6). In Figures 1–4, experi-
mental data on lipase activity by hydrolysis of olive
oil as a substrate are shown, along with activity curves
plotted based on Eq. (6) for the values of the specified
parameters Ed, Topt,  listed in Table 2.

The obtained parameters Topt, , Ed for lipases
from porcine pancreas are presented in Table 2, ac-
cording to the increasing value of the activation en-

ergy of the deactivation reaction. With the values of
the activation energy parameter for the deactivation
reaction Ed and the parameter , the activation energy
value Ea was calculated based on equation (8). The
obtained Ea values are presented in Table 2.

In Table 3, statistical data obtained during the de-
termination of the kinetic parameters of porcine pan-
creatic lipase are presented. High values of regression
coefficient R2 above 0.97, and standard errors of esti-
mation RSS below 0.076 were obtained; while statisti-
cal variability of Ed and Topt parameters in most of the
analyzed cases was p < 0.0001.

Fig. 3. The activity of lipase from porcine pancreas [8] Fig. 4. The activity of lipase from porcine pancreas [9]

Table 2. The values of parameters estimated for lipases from porcine pancreas

Fig. Topt [K]  Ed [kJ/mol] Ea [kJ/mol] Ed/Ea Ref.
1 305.46 ± 1.26 1.48 ± 0.22 65.18 ± 3.19 36.75 ± 5.64 1.77 [4]
2 313.23 ± 1.18 1.01 ± 0.17 74.45 ± 2.86 31.37 ± 5.38 2.37 [7]
3 308.71 ± 0.78 1.52 ± 0.19 93.44 ± 6.23 53.68 ± 8 .13 1.74 [8]
4 309.45 ± 0.96 1.48 ± 0.26 109.27 ± 6.79 61.60 ± 11.46 1.77 [9]

Topt – the temperature at which lipase shows maximum activity,  – dimensionless parameter determines the Eq. (7), Ed – the ac-
tivation energy of the deactivation reaction of olive oil hydrolysis by lipase porcine pancreas, Ea – the activation energy of
olive oil hydrolysis by lipase porcine pancreas.

Table 3. Statistical data obtained by determining the kinetic parameters of lipase from porcine pancreas

p
Fig. R2 RSS

Ed [kJ/mol] Topt [K]  [–]
F P Ref.

1 0.9832 0.0568 <0.0001 <0.0001 0.0030 120.46 0.0003 [4]
2 0.9877 0.0672 <0.0001 <0.0001 0.0027 160.39 0.0002 [7]
3 0.9863 0.0621 <0.0001 <0.0001 <0.0001 251.81 <0.0001 [8]
4 0.9732 0.0760 <0.0001 <0.0001 0.0024 90.90 <0.0001 [9]

R2 – regression coefficient, RSS – standard errors of estimation, F – Fisher test value, p-value – probability value for single
parameter (Ed or Topt or ), P-value – probability value for value parameters Ed, Topt and β, Topt – the temperature at which li-
pase shows maximum activity,  – dimensionless parameter determines the Eq. (7), Ed – the activation energy of the deactiva-
tion reaction of olive oil hydrolysis by lipase porcine pancreas, Ea – the activation energy of olive oil hydrolysis by lipase por-
cine pancreas.
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Fisher test values were in the range of 90.90–251.80
with a low probability value [P  0.0003], which con-
firmed that it was appropriated to apply Eq. (6) when
determining parameters. Also, in Figs. 1−4, standard
deviation errors for experimental points are presented,
while the 95% confidence limits were marked for the
obtained curves.

4. Discussion

This work aimed to identify the activation energy
Ea, the activation energy of the deactivation process Ed
and the optimum temperature Topt of oil olive hydroly-
sis by porcine pancreas lipase. Knowing the obtained
values can be used in works focused on prognosis for
a pancreatic tumor.

4.1. The activation energy Ea

The obtained values of the activation energy Ea of
olive oil hydrolysis by lipase obtained from porcine
pancreas were in the range from 31.37 ± 5.38 kJ/mol
to 61.60 ±11.46 kJ/mol. The value of the activation
energy Ea determined in an earlier paper [13] for the
hydrolysis of olive oil (pH 8.9) by a lipase from por-
cine pancres was higher and amounted to 86.75 ±
11.47 kJ/mol. Dong et al. [4] determined from Ar-
rhenius plot the value of Ea activation energy of the
hydrolysis (pH 7.0) equal to 29.50 kJ/mol. This value
was by about 20% lower than value determined and
presented in Table 2.

The data collected in Table 2 show that there is
a correlation between the values of the deactivation
energy Ed and the activation energy Ea (Eq. 6). It has
been reported that for most of analyzed cases, as the
value of Ed increases, the value of Ea increases. Ac-
cording to the calculations for the measurement of Li
et al. [9], the energy value Ea was twice as high com-
pared to the Ea values obtained by Lei et al. [7]. The
observed reason may be due to the different time in
which of the lipase activity determination. Indeed, the
measurements time of hydrolysis olive oil time was
equal to 15 minutes and 30 minutes in papers [7] and
[9], respectively. Importantly, the differences in the
pH of the hydrolyzed olive oil as well as the concen-
tration of the hydrolyzed olive oil may influence the
activation energy value Ea. Schmitke et al. [22] have
indicated that the increase in the amount of water in
the environment during the ester synthesis reaction is
thermodynamically unfavorable due to the shifting of

the hydrolysis balance. The resulting amounts of wa-
ter forms an increasing layer around the enzyme and
hinders access to the catalytic enzyme for hydropho-
bic synthesis [22].

4.2. The activation energy
of the deactivation process Ed

The obtained values of the activation energy of
the deactivation process were in the range from 65.18
± 3.19 kJ/mol to 109.27 ± 6.79 kJ/mol (Table 2). It
has been found that the deactivation energy values
increase along with increasing pH of the olive oil so-
lution used in hydrolysis (Fig. 5).

Fig. 5. The values of activation energy
of the deactivation process of Ed lipase from porcine pancreas

versus on the pH of hydrolyzed olive oil

In an earlier work [13], the Ed value of hydrolysis
of olive oil (pH 8.9) by lipase from porcine pancreas
was found as equal to 122.12 ± 7.26 kJ/mol. In turn,
Tsuita and Okuda [25] determined the value of Ed
deactivation energy in the hydrolysis of tributyrin
(pH 7.0) equal to 140.87 kJ/mol. The differences in
the obtained activation energy value of the deactiva-
tion process Ed can be caused by the use of various
substrates with different pH for hydrolysis.

4.3. Optimum temperature Topt

The determined values of the optimum tempera-
ture Topt of olive oil hydrolysis by lipase from porcine
pancreas were different by about six degrees and are
in the range from 305.46 ± 1.26 K to 313.23 ± 1.18 K
(Table 2). In an earlier work [13], a Topt of olive oil
hydrolysis (pH 8.9) by porcine pancreatic lipase was
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determined and equal 306.78 ± 0.54 K for the meas-
urements presented by Bagi et al. [1].

Olive oil has been used as the substrate. Deter-
mining the parameters for the hydrolysis of another
used substrate or a different kinds of lipase [2], [20]
requires analysis in terms of the reaction course model
and changes in enzyme activity.

The determined values of Topt, Ea, Ed parameters
may be comparable to those presented in the analo-
gous studies focused on porcine and human pancreas
lipase. However, the careful analysis of experimental
design of the pancreas, must be carried out before
interpolating the results to other theoretical, clinical,
biomaterial studies.

5. Conclusions

The following method of determining parameters
was used: the optimum temperatures Topt, activation
energies Ea and deactivation energies Ed of olive oil
hydrolysis by lipases from porcine pancreas reaction
based on four curves of changes of activity of lipases
from porcine pancreas depending on the temperature
of hydrolysis.

For the optimum temperatures Topt, the difference
between the obtained values was six degrees. The
differences in the calculated values of the activation
energy of the deactivation reaction Ed are equal
to about 45 kJ/mol, for the activation energy of the
reaction Ea equal to about 30 kJ/mol. It is essential
to mention that the noted differences in values of
parameters can be caused by the various duration
of the lipase activity assay, different pH values
of the hydrolyzed olive oil used to test the lipase
activity as well as different concentrations of the
olive oil.

The obtained parameters of the activation energies
Ea, the deactivation energies Ed and the optimum tem-
peratures of hydrolysis of oil olive by pancreas lipase
can be particularly important for studies focused on
prognosis of a pancreatic tumor.
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