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Abstract The combined isothermal (10–60 ◦C) and iso-
baric (0.1–650 MPa) inactivation kinetics of lipoxygenase
(LOX) extracted from tomatoes and reconstituted in a
tomato purée were studied. Thermal inactivation of LOX at
atmospheric pressure proceeded in the temperature range
of 45–65 ◦C. LOX inactivation did not follow first order
kinetics; the data could be fitted assuming that the two iso-
forms of LOX with different thermostability were present.
Combined thermal and high pressure inactivation occurs at
pressures in the range of 100–650 MPa combined with tem-
peratures from 10–60 ◦C, and followed first-order kinetics.
In the high-temperature/low-pressure range, (T≥50 ◦C and
P≤300 MPa) an antagonistic effect is observed, therefore,
the Arrhenius and Eyring equation cannot be used over the
entire temperature and pressure range. Small temperature
dependence is found in the low-temperature/high pressure
range. A third degree polynomial model was successfully
applied to describe the temperature–pressure dependence
of the inactivation rate constants, which can be useful to
predict inactivation rate constants of tomato LOX recon-
stituted in tomato purée in the temperature–pressure range
studied.

Keywords Tomato . Lipoxygenase . High pressure .
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Introduction

Lipoxygenase (LOX, E.C. 1.3.11.12) catalyzes the hy-
droperoxydation of polyunsaturated fatty acids and esters
by the use of molecular oxygen [1, 2]. Multiple forms
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or isozymes exist in many plant tissues showing differ-
ences in pH optimum, pI, and enzymic properties. Al-
though the functional role of plant LOX is still largely
unknown, metabolites of unsaturated fatty acids have been
implicated in growth and development, plant senescence,
and response to diseases and wounding [3]. Furthemore,
in fruits and other plant food products, LOX plays a role
in the formation of volatile flavor compounds [4, 5]. Tis-
sue disruption results in the degradation of endogenous
lipids to fatty acids, then they are oxidized by LOX to
yield hydroperoxides, followed by selective lyase cleavage
to form hexanal and hexenal from the 13-hydroperoxides
of linoleic and linolenic acids, respectively. Conversion of
these C6 aldehydes to the corresponding alcohols may oc-
cur through alcohol dehydrogenase [6]. The compounds
formed are considered to be the major volatile compounds
that contribute to the “fresh” flavor of tomatoes [7]. How-
ever, addition of these compounds above the recomended
ranges results in the development of rancid off-flavours [1].
Therefore, it is interesting to investigate LOX stability in
tomato based products during processing conditions.

Together with color and texture, flavor is one of the most
important quality attributes of fresh tomato and tomato
products (juices, purées or pastes) that can be affected af-
ter a conventional thermal treatment [8]. New nonthermal
preservation technologies such as high hydrostatic pressure
can be integrated in concepts of “minimal processing”, that
is, the application of preservation technologies designed
to retain the natural and as-fresh properties of foods [9].
In particular, the hurdle technology aims to this end by
combining preservation treatments (e.g., high pressure and
thermal treatment) at lower intensities that would have ad-
ditive or synergistic effects while minimizing their impact
on the sensory and nutritive properties of food [10]. High
hydrostatic pressure is being applied on an industrial scale
for some products commercialized in United States, Japan
or Europe [11]. One of the main advantages of this tech-
nology is that, in contrast to high temperature processing,
it shows a higher possibility to maintain the fresh qual-
ity attributes of foods because it slightly affects covalent
bonds. Therefore, degradation processes such as Maillard
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reaction, off-flavor formation, and vitamin destruction oc-
cur at a slower rate during pressurization. Hence, there is
an improved preservation of the nutritional and sensorial
quality of processed products [8].

In the present work, a detailed kinetic study on the
combined thermal and high pressure inactivation of
tomato LOX reconstituted in tomato purée has been per-
formed. Previous experimental results showed the in-
stability of LOX in frozen tomatoes, so that, extrac-
tion of tomato LOX followed by its reconstitution in a
tomato purée was necessary to accomplish the inactivation
studies.

Materials and methods

Tomato LOX Extraction

Red tomatoes (Lycopersicom esculentum, cv Malpica),
used in the tomato processing industry in Spain, were ob-
tained from a wholesale market. Tomatoes were washed
and cut and LOX was extracted as described by Bonnet
and Crouzet [12] with slight modifications. Tomatoes were
homogenized in 1:1 w/v with 0.5 mol/l Tris-HCl (pH 8.0)
containing 1% (w/v) ascorbic acid, 1% (w/v) EDTA, and
0.001 mol/l phenylmethylsulfonyl fluoride (PMSF). The
homogenate was filtered through a cheese cloth and cen-
trifuged at 30,000×g for 10 min at 4 ◦C. The supernatant
was brought to 0.020 mol/l CaCl2 by the addition of a
1 mol/l stock solution and after stirring for 2 h at 4 ◦C, the
suspension was centrifuged at 30,000×g for 20 min at 4 ◦C.
Further, protein precipitation was obtained by the addition
of solid ammonium sulfate to 35% saturation, stirred for
1 h, and centrifuged at 12,000×g for 15 min at 4 ◦C. Af-
ter the pellet was discarded, the (NH4)2SO4 concentration
was increased to 60% saturation, stirred for 1 h again, and
centrifuged at the same conditions. The pellet was resus-
pended in 0.01 mol/l MOPS-KOH at pH 6.8 and dialyzed
overnight (MWCO 12–14 kDa, Medicell International Ltd.
London, UK) against the same buffer. The dialyzed frac-
tion was clarified by centrifuging at 10,000×g for 10 min at
4 ◦C. Crude fractions were frozen and kept at −40 ◦C until
use.

Tomato purée preparation and reconstitution

Tomatoes were washed, cut, and homogenized in a blender.
The resulting homogenate was filtered through a cheese
cloth to remove peels and seeds and heat treated (90 ◦C,
10 min) to inactivate endogenous enzymes. The juice with
an initial solid content of 4 Brix was concentrated at 70 ◦C
by a rotary evaporator (Büchi RE111, Flawil, Switzerland)
until 21.7 Brix. The purée was stored at −40 ◦C until use
in reconstitution studies.

Tomato purée and LOX were thawed and mixed in a
proportion to reach a final LOX activity of 0.35 units per
300 µl sample. Stability of the mixture was checked for
3 h.

Thermal treatments

Thermal inactivation experiments were performed in
a thermostatic water bath at constant temperature. To
ensure direct heating and cooling, reconstituted purée
was filled manually with a syringe, in capillary tubes
(Blaubrand-IntraMark, Brand GMBH+COKG, Germany;
inner diameter=1.6 mm, length=14 cm). After filling, the
tubes were placed in the water bath and the heating time
was exactly measured. Immediately after withdrawal from
the hot-water bath, the samples were placed in an ice-water
bath and activity was measured within 1 h time. Treat-
ment temperatures and times ranged from 45–65 ◦C and
0–30 min, respectively.

Combined thermal and high pressure treatments

Combined thermal and high pressure inactivation treat-
ments were performed in a laboratory pilot scale, multives-
sel high-pressure equipment (HPIU-10000, 95/1994, Re-
sato, Roden, The Netherlands). High pressure is generated
using a pressure intensifier in the central pressure circuit.
Eight individual vessels (volume=8 ml, diameter=10 mm,
length=100 mm), each one surrounded by a thermostatic
mantle linked to a cryostat, are connected to the central
pressure circuit using T-joints and valves. The pressure
transferring liquid is a glycol/oil mixture (TR15, Resato,
Roden, The Netherlands).

This equipment allows performance of kinetic ex-
periments because eight samples can be submitted
simultaneously to treatments at the same pressure and
temperature but for different preset treatment times. After
the samples are enclosed in the thermostated vessels (filled
in 0.4 ml flexible microcentrifuge tubes, BIOplastics, The
Netherlands), only the central valve is closed and pressure
is built up slowly (100 MPa/min) to control adiabatic
heating, until the desired pressure level is reached. Once
the pressure is reached, the individual vessels are isolated
from the central pressure tubing and the central valve
is opened. As a function of time, pressure can now be
released in the individual vessels. To exclude the variable
pressure–temperature conditions that arose from pressure
building up and accompanying adiabatic heating, the blank
was taken after a time where the pressure and temperature
remained constant (2 min). Again, the samples were stored
in an ice–water bath and activity was measured within
1 h time. Treatment pressures ranged between 100 and
650 MPa, treatment temperatures between 10–60 ◦C, and
treatment times between 0 and 58 min.

Activity measurement

Following thermal and high pressure treatments, samples
were prepared for LOX activity assay by mixing 300 µl
of the treated sample with 120 µl of 0.5 mol/l sodium
phosphate buffer at pH 6.5 and 0.5% Triton X-100 in a
1.5 ml microcentrifuge tube. Samples were centrifuged for
10 min at 10,000×g, 4 ◦C and the pellet was discarded [13].
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The activity of LOX was measured by the formation
of conjugated dienes from linoleic acid, using sodium
linoleate as substrate [14]. The substrate was prepared as
follows: 70 mg Tween 20 and 70 mg of linoleic acid were
added to 4 ml of oxygen-free water. The solution was mixed
with a Pasteur pipette and 0.6 ml of NaOH 1 mol/l was
added to clear the solution. Finally, the solution was made
up with demineralized water to a total volume of 25 ml,
flushed with nitrogen and kept frozen (−80 ◦C) until use
[15].

The activity measurement was carried out at 25 ◦C in
a quartz cuvette. The assay mixture contained 2.7 ml of
0.2 mol/l sodium phosphate buffer at pH 6.5, 30 µl of
the sodium linoleate substrate, and 100 µl of the enzyme
extract. The absorption at 234 nm (Ultrospec 2100 pro,
Amersham Biosciences, Uppsala, Sweden) was recorded
as a function of time, for 4–5 min, and the activity was
determined from the slope of the linear portion of the curve.
One unit of enzyme is defined as the amount of enzyme
producing one unit change in absorbance per minute at
25 ◦C.

Data analysis

The way in which the enzyme inactivation progresses as a
function of time is expressed by the mathematical form of
the kinetic model (for instance Eqs. (1)–(3)) and the rate of
inactivation (k) is reflected by the numerical values of the
kinetic parameter estimates [16].

Enzyme inactivation can often be described by a first-
order reaction (Eq. (1)) [17].

ln

(
A

A0

)
= −kt (1)

where A is the enzyme activity at time t, A0 is the
initial enzyme activity and k is the inactivation rate
constant.

A fractional-conversion model (Eq. (2)) is a special case
of a first-order model that takes into account a constant non-
zero activity (A∞) after prolonged heating and/or pressur-
izing. The model applies when the enzyme sample contains
a stable fraction that is not affected under the processing
conditions studied

A = A∞ + (A0 − A∞) × exp (−kt) (2)

A biphasic kinetic model (Eq. (3)) represents the presence
of two enzyme fractions, with different process stability,
representing the labile (L) and the stable (S), one and both
are inactivated according to first-order decay

A = AL × exp (−kLt) + AS × exp (−kSt) (3)

The temperature dependence of the inactivation rate con-
stant at constant pressure can be expressed in terms of the
activation energy (Ea) and estimated using the linearized

Arrhenius equation (Eq. (4))

ln (k) = ln (kref) + Ea

RT
×

(
1

Tref
− 1

T

)
(4)

where Ea is the activation energy (kJ/mol), k is the inac-
tivation rate constant, kref is the inactivation rate constant
at a reference temperature, RT is the universal gas constant
(8.314 J mol−1 K−1), T is the absolute temperature (K), and
Tref is the absolute reference temperature (K).

The pressure dependence of the enzyme inactivation rate
constant at a constant temperature can be expressed in
terms of the activation volume (Va), calculated using the
linearized Eyring equation (Eq. (5))

ln (k) = ln (kref) − Va

RpT
× (P − Pref) (5)

where Va is the activation volume (cm3/mol), k is the in-
activation rate constant, kref is the inactivation rate con-
stant at reference pressure, Rp is the universal gas constant
(8.314 J mol−1 K−1), P is the pressure (MPa), Pref is the
reference pressure (MPa), T is the absolute temperature
(K).

The estimation of the kinetic parameters can be done by
a one-step (global) approach or by a two-step regression
method. In a global approach, one-step method is consid-
ering the inactivation data obtained at different inactivation
temperatures or pressures simultaneously. The Arrhenius
or Eyring equations are incorporated in the inactivation
rate equation and by a nonlinear regression analysis, the
inactivation rate constant at reference conditions and tem-
perature or pressure dependence coefficient are estimated.
By the two-step regression method, first the inactivation
rate constants are obtained from the experimental data by
linear or nonlinear regression (temperature by temperature
or pressure by pressure) and in a second step, the tempera-
ture or pressure coefficients are calculated from the regres-
sion analysis of the obtained inactivation rate constants as
a function of temperature or pressure. Cohen et al. [18] and
Haralampu et al. [19] suggested that the two-step regres-
sion approach gives the least accurate estimates probably
because it estimates too many intermediate values and does
not gain strength in the regression by considering the data
set as a whole, but on the other hand, it will give the best
fit at each temperature or pressure.

Results and discussion

Thermal inactivation of reconstituted LOX
in tomato purée

The data analysis of thermal inactivation of reconstituted
LOX in tomato purée was done both by a global and
two-step approach. As far as the global approach is
concerned, experimental data for the temperature range
of 45–60 ◦C were fitted to a fractional conversion model
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Fig. 1 Isothermal inactivation of reconstituted LOX in tomato purée
at 45 (�), 50 (�), 52.5 (�), 57.5 (×), and 60 ◦C (�) fitted by a global
approach to a fractional conversion model and at 62.5 (•) and 65 ◦C
(+) fitted by a two-step approach to a biphasic model

(Eq. (2)) showing the existence of a first-order inactivating
thermolabile fraction and the occurrence of a thermostable
fraction (Fig. 1). The parameter estimates indicate that at a
reference temperature of 55 ◦C, LOX was inactivated at a
rate of (0.4511±0.0203) min−1 and 14.33% of the LOX ac-
tivity remained stable. The dependence of the rate constant
with temperature (Ea) was (189.90±5.11) kJ/mol.

As for the two-step approach, inactivation rate constants
and A∞ obtained by fitting experimental data of temper-
atures from 45 to 60 ◦C to a fractional conversion model
(Eq. (2)) are shown in Table 1. For temperatures above
60 ◦C, the inactivation of reconstituted tomato LOX in
tomato purée showed a biphasic behavior (Fig. 1), mean-
ing that the enzyme fraction which was stable at lower
temperatures (≈14%), is now being inactivated at a cer-
tain rate. Isothermal inactivation data for 62.5 and 65 ◦C
were fitted by a nonlinear regression method to Eq. (3).
Table 2 shows the kinetic parameters (kL and kS, AL and

Table 1 Fractional conversion kinetic parameter estimates ± stan-
dard error describing isothermal inactivation of reconstituted LOX
in a tomato purée at atmospheric pressure by a two-step approacha

T ( ◦C) k (min−1) Corr R2 A∞ (%)b

45 0.0458±0.0150 0.9950 9.18±18.38b

50 0.1603±0.0171 0.9939 15.64±3.02
52.5 0.2836±0.0206 0.9950 16.66±1.63
57.5 0.7960±0.0842 0.9840 15.67±1.90
60 1.1821±0.0769 0.9929 11.73±1.04

aEa (kJ/mol) =191.44±6.64
bA∞: enzyme activity after prolonged heating or pressurizing time

AS) for the different temperatures. As expected, for all
temperatures studied, the inactivation rate constants in-
crease with the treatment temperature. By plotting the log-
arithm of the rate constant versus the reciprocal of abso-
lute temperature in the temperature range of 45–60 ◦C, a
straight line with a good correlation coefficient (0.9952)
was obtained. The temperature dependence of the inacti-
vation rate constant, expressed in terms of activation en-
ergy (Ea), was predicted using the Arrhenius Eq. (4) and
yielded (191.44±6.64) kJ/mol. The value of Ea obtained
by the two-step approach ((191.44±6.64) kJ/mol), is in
the range with the one obtained by the global approach
((189.90±5.11) kJ/mol), so that although the two-step
method was supposed to give the least accurate estimates,
no differences were found in the way the both methods
describe the thermal dependence of the inactivation rate
constants in the temperature range of 45–60 ◦C.

Likewise, thermal inactivation of LOX from many dif-
ferent sources such as green peas, green beans, potatoes,
asparagus, wheat germ, germinated barley, broccoli, and
tomato could be described either by a simple first-order
model or by a two fraction first-order model (biphasic)
[20–27]. A wide range of Ea values can be found in the lit-
erature (65–655 kJ/mol) depending on the source of LOX
and temperature range studied (40–100 ◦C) [28]. As far as
tomatoes is concerned, Anthon et al. [13] studied LOX in-
activation from tomato juice (without reconstitution). They
described the inactivation kinetics by assuming three differ-
ent isoforms that were inactivated following the firstorder
kinetics. The rate constants obtained were more temper-
ature dependent (308, 336 and 349 kJ/mol for the three
different LOX fractions obtained) than the ones obtained
in our study.

Combined thermal and high pressure treatment
of reconstituted LOX in tomato purée

Combined thermal and high pressure inactivation of re-
constituted tomato LOX in tomato purée was conducted
for different combinations of moderate temperatures (10–
60 ◦C) and pressures (100–650 MPa). First-order ki-
netics was assumed to analyze inactivation data under
these conditions (Fig. 2). Experimental data were fitted
to Eq. (1) via linear regression yielding regression coeffi-
cients between 0.95 and 0.99. Kinetic constants obtained
are shown in Table 3. From the inactivation rate constants,
an antagonistic effect at combinations of high temperature
(T≥50 ◦C) and low pressure (P<300 MPa) can be observed.
In this region, a pressure increase at constant tempera-
ture causes the inactivation rate constant to decrease. An

Table 2 Biphasic kinetic
parameter estimates±standard
error of reconstituted LOX in a
tomato purée at atmospheric
pressure by a two-step approach
(Eq. (2))

T ( ◦C) kL (min−1)a kS (min−1)a AL (%)b AS (%)b Corr R2

62.5 2.2192±0.0970 0.3567±0.0518 85.67 14.33 0.9983
65 5.8511±0.4895 0.8020±0.1427 85.67 14.33 0.9955

akL, kS: kinetic parameters for labile and stable fraction, respectively
bAL, AS:enzyme activity of the labile and stable fraction, respectively
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Fig. 2 Combined thermal-high
pressure inactivation of tomato
LOX reconstituted in tomato
purée at different temperatures
and pressures 300 (o), 350 (�),
400 (�), 450 (�), 500 (×), 550
(�), 600 (�), and 650 MPa (•)
fitted to first-order model
(Eq. (1))

antagonistic effect of pressure and temperature is frequently
encountered for enzyme denaturation. This effect is mostly
limited to pressures lower than 300 MPa [29–35]. Oppo-
site effects of pressure and temperature with respect to
hydrophobic interactions and hydrogen bonds could be
the cause of this effect. It is generally accepted that hy-
drogen bonds are destabilized by elevated temperatures
while pressure often stabilizes them [30]. On the other
hand, endothermic hydrophobic interactions are enhanced
at elevated temperatures whereas pressure weakens them
[29].

Low inactivation rate constants are observed in the tem-
perature range of 20–30 ◦C combined with high pressures
showing LOX to exhibit maximal pressure stability at these
treatment conditions. Ludikhuyze et al. [28] also found
this behavior by treating soybean LOX at low temperatures
combined with high pressure.

Pressure dependence of inactivation rate constants at
elevated temperatures (T≥50 ◦C) did not obey the Eyring
equation (Eq. (5)) due to the above mentioned antagonistic
effect. However, when considering the pressure range 300–
650 MPa, the pressure dependence of the inactivation rate
constant is described accurately by the Eyring equation and
activation volumes are reported in Table 4. In this pressure
range, at all temperatures studied the activation volume
is negative, hence as stated by Le Chatelier principle,
LOX inactivation is favored by an increase in pressure.
Furthermore, activation volumes seem rather constant up
to temperatures of 50 ◦C, but they decrease slightly above
50 ◦C, meaning that the inactivation rate constants are less
sensitive to pressure at high temperatures. Similar results
have been reported by other authors with soybean LOX
[28].

Table 3 Kinetic constant
(×10−2 min−1)±standard error
for combined thermal and high
pressure inactivation of
reconstituted tomato LOX in
tomato purée

P (MPa) T ( ◦C)
10 20 30 40 50 60

0.1 16.03±1.71 118.20±7.67
100 0.41±0.03 2.41±0.19
300 0.90±0.27
350 0.40±0.04 2.13±0.30
400 0.34±0.01 0.34±0.04 0.23±0.05 0.58±0.04 0.82±0.06 2.44±0.51
450 1.48±0.13 0.84±0.06 1.05±0.05 0.97±0.09 2.12±0.14 6.24±0.90
500 3.69±0.43 4.27±0.21 3.18±0.17 3.95±0.31 5.18±0.19 24.56±1.96
550 13.36±1.12 6.33±0.57 8.29±0.69 11.59±0.43 21.79±2.83
600 34.65±2.88 25.50±2.11 19.13±1.03 30.16±2.81
650 58.35±4.74
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Table 4 Activation volumes±standard error in the pressure domain
of 300–650 MPa of reconstituted tomato LOX in tomato purée at
different constant temperature levels

T ( ◦C) Va (cm3/mol) R2

10 −53.865±2.315 0.9945
20 −50.552±3.071 0.9853
30 −54.923±3.756 0.9861
40 −54.053±3.645 0.9865
50 −52.931±3.842 0.9845
60 −42.575±6.565 0.9332

Modeling of combined heat and high-pressure
dependence of inactivation rate constants

Mathematical models based on different equations,
Arrhenius [32, 33] or Eyring [36], have been formulated
to describe the pressure–temperature dependence of
inactivation rate constants for enzymes.

However, in the present study an empirical third-degree
polynomial equation, based on a thermodynamic kinetic
model governing the behavior of the system during pressure
and temperature change [35], was applied

ln(k) = A + B × (P − P0) + C × (T − T0)

+ D × (P − P0)2 + E × (T − T0)2

+ F × (P − P0)(T − T0) + G × (P − P0)3 (6)

+ H × ·(T − T0)3 + I × (P − P0)2(T − T0)

+ J × (P − P0)(T − T0)2

Experimental rate constants were fitted to Eq. (6). Sig-
nificance of the different terms was analyzed (p≤0.05) by
multilinear analysis (Proc REG, SAS). Parameter values
were estimated using 40 ◦C and 500 MPa as reference tem-
perature and pressure (Table 5), respectively. Dependence
of inactivation rate constant with pressure and temperature
is described with Eq. (7)

ln(k) = −3.297 + 0.0223(P − P0) + 0.0511(T − T0)

+ 0.0019 × (T − T0)2 − 8.4710−8(P − P0)3 (7)

+ 4.82 × 10−7(P − P0)2(T − T0)

Table 5 Parameter estimates±standard error for the combined
temperature–pressure dependence of LOX inactivation in reconsti-
tuted tomato purée. Modeled using Eq. (7)

Parameter Estimate Corr R2

A −3.297±0.056
B 0.0223±0.0005
C 0.0511±0.0032 0.989
E 0.00190±0.00016
G −8.47E-8±0.255E-8
I 4.82E-7±0.46E-7

Fig. 3 Pressure–temperature isorate contour plot for the inactivation
of tomato LOX reconstituted in tomato purée, with k=0.045 min−1

(lower) and k=0.23 min−1 (upper)

By using Eq. (7), pressure–temperature combinations re-
sulting in specific preset inactivation rate constants for re-
constituted tomato LOX in tomato purée were simulated
and depicted in isorate contour plots (Fig. 3). The an-
tagonistic effect of pressure and temperature, previously
discussed can be observed in the domain of temperatures
higher than 45 ◦C and pressures lower than 300 MPa. The
low temperature dependency of the rate constants at high
pressures can also be confirmed.

To assess predictions made by the developed secondary
model the Accuracy factor (Af) [37] was compared

A f = 10

[
∑ |log predicted

observed )|]
n

where n is the number of observations. The pre-
dicted/observed ratio refers to the relationship between
the natural logarithm of the rate constant predicted by the
model in certain process conditions and the one observed
experimentally. It yielded a value of 1.088, indicating an
error of 8.8% for the predictions. No autocorrelation was
found by plotting the residuals versus temperature, pres-
sure, experimental k or predicted k values (data not shown).
Neither were the observed deviations from the bisector,

Fig. 4 Correlation between the natural logarithm of the experimental
k values and the ones predicted according to the model (Eq. (7)) for
pressure–temperature inactivation of tomato LOX reconstituted in a
tomato purée
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Table 6 Correlation matrix for coefficient estimates

A B C E G I

A 1.000 – – – – –
B 0.124 1.000 – – – –
C −0.179 0.425 1.000 – – –
E −0.661 0.206 0.626 1.000 – –
G 0.151 −0.744 −0.474 −0.382 1.000 –
I 0.281 −0.112 −0.533 −0.511 0.668 1.000

when plotting the predicted k values versus the experimen-
tal ones (Fig. 4), indicated that no heteroscedasticity prob-
lems were detected. Table 6 shows correlation between the
model parameters, there being only one combination whose
absolute value is higher than 0.7.

Thermal inactivation data of reconstituted tomato LOX
in tomato purée at atmospheric pressure could be fitted
assuming that the two isoforms of LOX with different
thermostability were present. A thermolabile fraction in a
proportion of around 86% that begins to inactivate at 45 ◦C
and is completely inactivated after 30 min at 52.5 ◦C,
and a thermostable fraction that begins to inactivate at
temperatures above 60 ◦C. Estimates of Ea obtained by two
different regression approaches (global and two step) are
in the same range. Combined thermal and high pressure
treatments follow first-order kinetics. An antagonistic
effect of temperature and pressure, at pressures lower
than 300 MPa and temperatures higher than 50 ◦C
was observed. A mathematical model was suggested to
describe the combined heat and high pressure dependence
of inactivation rate constants of reconstituted tomato LOX
in tomato purée. The model can be useful in identifying
processing conditions to inactivate LOX in tomato-based
products in the temperature–pressure range studied.
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