JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2002, 50, 6153—6159 6153

Thermal Inactivation of Pectin Methylesterase,
Polygalacturonase, and Peroxidase in Tomato Juice

GORDON E. ANTHON,*'T YUukio SEKINE,* NoBUO WATANABE ,* AND
DIANE M. BARRETT'

Department of Food Science and Technology, University of California, Davis, California 95616, and
Nippon Del Monte Corporation, 3748 Shimizu-cho, Numata-city, Gunma, 378-0016 Japan

Thermal inactivation kinetics have been determined for pectin methylesterase (PME), polygalactu-
ronase (PG), and peroxidase (POD) in tomato juice. Two parameters, the inactivation rate constant
(k) at a reference temperature and the activation energy for inactivation (E,), were determined for
each enzyme. For PME and PG, the kand E, values reported here do not agree with those in several
previously published reports. These differences can be explained either by the differences in pH
values used for inactivation determinations or by inadequacies in the heating methods used in some
previous studies. POD showed simple first-order inactivation kinetics and was less thermally stable
than either PME or PG. When different cultivars of tomatoes were evaluated, there was no difference
in the thermal inactivation kinetics of these enzymes.

KEYWORDS: Enzymes; linetics; pectin; tomatoes

INTRODUCTION demethylated by PME. PG cleaves the polygalacturonic acid
backbone of the pectin and reduces the average length of the

Tomatoes are thermally processed to make a number of . . . . . .
different products such as juice, soup, ketchup, and other sauce “ectln chains. This degradation of the pectin chains reduces the

The desired final consistency of each of these products varies.V!Scosity of the juice.
For products such as soup and juice, good retention of color Two different process are commonly used in the production
and flavor are important, as is a lower viscosity. In other Of tomato paste. In the “hot-break” process, tomatoes are rapidly
products such as ketchup, pizza, and spaghetti sauces, a greatéeated to 93C immediately after homogenization. This process
final viscosity is desired. The viscosity of tomato products is iS believed to inactivate enzymes rapidly, particularly those
strongly affected by the composition of the pectins. Controlling involved in pectin degradation, and gives a product with high
the breakdown or retention of the pectins, and the enzymes thatviscosity @). In the “cold-break” process, the homogenized
lead to changes in the pectins, is thus of great importance duringtomatoes are heated only to around& This is believed to
processing %, 2). have several benefits in the production of products such as juice
Pectins in tomatoes consists of a polygalacturonic acid and soup. The lower temperature reduces the amount of thermal
backbone with a variable number of methyl groups esterified abuse of the product, giving a greater retention of color and
to the galacturonic acid residues. Two enzymes, pectin methy-flavor components and reducing production of undesirable
lesterase (PME) and polygalcturonase (PG), are involved in thecompounds. The lower temperature also does not entirely
breakdown of these pectins. PME catalyzes the removal of theinactivate the enzymes PME and PG and allows these enzymes
methyl groups from the polygalacturonic acid chain, leaving to break down of some of the pectins reducing the viscosity of
an increased number of free carboxyl groups that can then bindthe juice, favorably affect pumping and evaporation of the juice
cations and cross-link the pectin chains. This cross-linking of (1).
the pectin is desirable in particulate products such as diced A fine-tuning of the hot- and cold-break processes requires
tomatoes, where it leads to better integrity in the dice and a reliable information on the stability of the relevant enzymes in
firmer texture. In juices, it is generally undesirable because the tomato juice. Current information on the inactivation of these
cross-linked pectins can aggregate and settle, leading to a losgnzymes in tomatoes is incomplete. There are several reports
of juice cloud. The action of PME also makes the pectin on the kinetics of PME inactivatiort-8), but the inactivation
susceptible to further degradation by PG because this enzymeyarameters reported vary significantly. In some cases, inactiva-
acts only on segments of the pectin chain that have beentjon measurements were made with an extracted enzyme
suspended in buffer, a method known to give results that differ
* Corresponding author. E-mail: geanthon@ucdavis.edu. Tel: 530-752- from those obtained for an enzyme in a crude homogenate. In
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inactivation of PG in both the buffer and crude juice have also used (0). A total of 5 mL of heated homogenate from five 1.0-mL
been reported4 6), but again the reported results do not agree. TDT tubes was transferred to a 50-mL centrifuge tube, and 10 mL of
Given the lack of agreement between existing reports for the cold water was added. The pH was adjusted to 3.0 with 0.1 N HCI,
inactivation of PME and PG, we have undertaken an examina-and then the sample was centrifuged for 15 min at 16000e pellet
tion of the inactivation of both of these enzymes in tomato juice. S resuspended in a total of 15 mL. of water and homogenized with

. . . L L . a polytron. This was centrifuged as before, and this pellet was
We have also investigated the inactivation kinetics of peromdase.resuspended in 7.5 mL of 0.1 M sodium phosphate buffer (pH 6.5)

Whereas PQD may not have any.dlr_ect role in tomato qua_llty, containing either 0.5 M NaCl, for extraction of PG2, or 1.2 M NacCl,
this enzyme is a commonly used indicator of enzyme inactiva- for extraction of PG1. After 30 min on ice, the samples were centrifuged
tion in many fruits and vegetables because of its high thermal as before, and the supernatant was collected for assay.

stability and its ease of assay. There is currently no published The high salt extracts of the heated homogenates were assayed for
data for the thermal inactivation of POD in tomatoes. The PG activity by measuring the production of reducing sugars from
inactivation kinetics for all three enzymes were determined in polygalacturonic acid. A 1% stock solution of polygalacturonic acid
two different cultivars of tomatoes, one of which is primarily ~Was prepared by dissolving the polygalcturonic acid in 50 mM citrate
used in hot-break processing and the other, in cold-break buffer and adjusting the pH to 4.5. The enzyme incubations contained

processing, to determine if differences in enzyme stabilities exist %:2 ML Of this stock solution and 0.2 mit ® M NaCl in a final volume
between these cultivars of 2.0 mL to give final concentrations of 0.25% polygalacturonic acid

and 0.1 M NaCl. Incubations were started by the addition of 0.2 mL
of the high salt extracts and placed in a®7 water bath for 30 min.
MATERIALS AND METHODS A blank was prepared by boiling an aliquot of the salt-extracted enzyme

Tomatoes.Field-grown tomatoes of the cultivars BOS 3155 (Orsetti for 15 min and then incubating in the same manner as for the samples.
Seed Co., Hollister, CA), which is used in hot-break processing, and Reactions were terminated by the addition of 5.0 mL of the carbonate

CXD-199 (Campbell's Seed Supply Co., Davis, CA), which is used buffer, described below, and an aliquot of the terminated reaction was
primarily for cold-break processing, were obtained from Campbells @nalyzed for reducing sugars colorimetricalbl). Reagents for this
Research Center in Davis, CA. Tomatoes of other hot- and cold-break Procedure were carbonate buffer containing 54.3 g/k0@ and 24.2
cultivars commonly grown in California such as Heinz 9492 and CXD g/l__ NaHCQ; reagent A prepared by dls_solvmg 0.98 g of bicinchoninic
152 as well as several Japanese cultivars were also examined, but th&cid, sodium salt (Pierce, Rockford, IL) in 0.5 L of the carbonate buffer;

details of their inactivation kinetics are not presented here. Tomatoes &1 réagent B containing 1.24 g/L CusS&H,0 and 1.26 g/LL-serine.
were washed, sliced in half to remove the seeds and locular gel, and” Working reagent was prepared by mixing equal volumes of A and B

then cut into half-inch dices. The diced tomatoes were frozen-iB8@ immediately prior to use. For the determination of reducing sugars,
°C blast freezer and then stored in polyethylene bags28 °C or 0.6 mL of the terminated enzyme incubations were mixed with1.6 mL
colder until used. of this working reagent and 1.9 mL of water. Samples were heated for

Heating of HomogenatesHomogenates were prepared by grinding 30 min at 80°C and then allowed t_o cool to_ room temperature, and
100 g of thawed diced tomatoes for 30 s in a small Waring blender. abs_orbance at '560 nm was determined. Activity was calculated on th_e
The homogenate was then passed through a fine metal screen to removB@Sis of the boiled enzyme blank and a standard curve of galacturonic
pieces of skin and any seeds. Using a syringe with a blunt needle, weacid: » ) _ _ _
transferred the homogenate to glass tubes that were then heated for the POD Activity. Following heat treatment in a pair of 20Q- capillary
times and temperatures as indicated, cooled in ice water, and held onUbes, samples were prepared for assay by mixing 0.4 mL of heated

ice until assay. homogenate with 0.1 mL of 0.5 M phosphate buffer, pH 6.5, in a 1.5-
The glass tubes used for heat inactivation, which were open at one ML Mmicrocentrifuge tube. Samples were centrifuged for 10 min at
end and sealed at the other, had a capacity of eithep20@.5-mm 1000@, and the pellet was discarded. The supernatant was desalted

i.d. x 2.3-mm 0.d.x 125-mm length) or 1.0 mL (4.8-mm i.g 7.0- by centrifuging through a column (2.0-mL bed volume) of Sephadex
mm o0.d.x 105-mm length). Come-up times, the times necessary for G-25 equilibrated with 0.1 M phosphate buffer, pH 612)( ,

the solution at the center of the tube to reach the temperature of the Altérnatively, in one experiment, this centrifugation and desalting
surrounding water bath, were determined with a fine thermal probe procedure was perfor_med prior to the heating step. In this case, tomatoes
placed at the center of the tube. For the 2M0eapillary tubes, this ~ Were homogenized in an equal volume of 0.1 M phosphate buffer,
come-up time was 10 s, with 90% of the final temperature change filtered through cheesecloth, and centrifuged. A 1.0-mL aliquot of the
achieved in only 5 s. In the 1-mL TDT tubes, come-up times increased supernatant was desalted as described above except a 6.0-mL bed
to 60 s with 90% of the temperature change occurring in 30 s. Despite Y0lUme was used. This desalted supernatant was then heated as indicated
the longer come-up times, the larger-capacity tubes were used for PMEIN 20- 4L capillary tubes and assayed for residual POD activity.

and PG inactivation determinations because of the amount of material POD activity was determined as describd®)( The 1-mL assay
needed to assay these enzymes. When time courses shorter than 1 mielume contained 50 mM phosphate buffer (pH 6.0), 5 mM dimethyl-
were performed, multiple 200k tubes were used, and their contents @Minobenzoic acid, 0.1 mM EDTA, 0.1 mM 3-methyl-2-benzothiaz-

were pooled. olinone hydrozone (MBTH), and 10 mMB,. Reactions were started
PME Activity Measurement. PME activity was determined titri-  0Y the addition of 5QuL of heated homogenate, and the absorbance
metrically following the procedure described 8).(A 30-mL aliquot increase at 590 nm was monitored for up to 10 min, with the slope of

of a solution containing 0.2 M NaCl and 1.0% pectin (P9135, from the linear portion of the_curve used t_o determine activi_ty. EDTA, WhiCh
citrus, Sigma, St. Louis, MO) was equilibrated to 3D and adjusted had no effect on peroxidase actu;wty, was |nclgded in the peroxidase
to pH 7.0. Following the addition of 1.0 mL of the heated homogenate, 2SS t0 ensure that nonenzymatic color formation, catalyzed by a trace
the pH was readjusted to 7.0 and maintained at this pH for 10 min by @mount of Fe or Cu, did not occur. o

the addition of either 0.05 or 0.005 N NaOH, depending on the activity  Calculations. The rate constantsfor first-order inactivation were

of the sample. The rate was calculateduasol of NaOH consumed determined from the slopes of the inactivation time courses according
over the 10-min time course. The rate of NaOH consumption by a © €d 1

sample of boiled (20 min) homogenate was subtracted as a blank. All

activities for heat treatments are reported as percentages of the activities log (A/A) = —(k/2.303} (1)
obtained for unheated controls, which ranged between 115 and 135
umol HT min~t mL~%, whereA is the initial enzyme activity and is the activity after heating

PG Activity. A crude tomato homogenate cannot be assayed directly for time t. The slopes of these lines were determined by linear
for PG activity because of the presence of endogenous reducing sugarsegression, and the calculated rate constants were replotted in Arrhenius
and other interfering material. To clean up the heated samples of plots. Standard errors for the rate constants, calculated from the
homogenate to permit assay, the procedure described by Pressey waregression lines of the inactivation data, are shown as error bars on the
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data points in the Arrhenius plots. In most cases, these error bars are

smaller than the symbol size. Activation energieg (vere calculated
from the slopes of the Arrhenius plots of khversus 1T according to
eq 2

In(k) = —E//RT+c 2)
whereRis the gas constant (8.314 J mbK %) andT is the temperature
in K. Slopes and their standard errors were calculated by linear
regression.

For each enzyme, a reference temperature was chosen in the
temperature range used for inactivation determinations. The rate constant

for inactivation at this reference temperatuker(was determined from
the value of Ink.s) at this temperature given by the regression line in
the Arrhenius plot. Error estimates flags were estimated on the basis
of the error estimates determined for Kg{ obtained from this
regression line. Converting the error in kpf) to an error inkes,
however, gives asymmetric estimates for the errok.dn The error
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Figure 1. Thermal inactivation of PME. Juice from CXD 199 tomatoes

800

we report is the larger of these two estimates. With the two parametersWas heated for the indicated times to 69.8 (+), 71.8 (M), 73.8 (a), 75.8

E. andker, the rate of inactivationk] at any temperaturerl} can be
calculated from eq 3.
In(k) = In(kep) — (E/R)(L/T — 1T, 3)

We have expressed our inactivation data in terms of the two
parameterk and E.. Much of the previously published data for the
inactivation of PME and PG in tomatoes is expressed asdz values.

To interconvert these two sets of parameters, the following calculations
were used. AD value, the time required to reduce the enzyme activity
to 10% of its original value, is directly related to an inactivation rate
constantk by eq 4:

k=2.303D 4

A zvalue and ark; value are related as follows. It can be shown by
substituting eq 4 into eq 2, changing from natural to base 10 logarithms,
and combining all constant terms into a new constenthat the
following is true:

log(D) = Ej/2.30RT+ ¢ (5)

log D is thus linearly related to thimverseof temperature, and a plot

of log D versusT should be curved. This is inconsistent with the
experimental observation that a plot of Idy versusT gives an
apparently straight line with a slope efl/z. This inconsistency can

be reconciled by the fact that in the temperature range typically used
for enzyme inactivation, 323 to 373 K (50 to 10Q), a plot of the

(®), or 77.8 °C (@). Open symbols at the four highest temperatures
indicate data points not used for the linear regression. For the two highest

temperatures, heating was carried out in 200-uL capillary tubes; the other
three were heated in 1.0-mL tubes.

In k
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Figure 2. Arrhenius plot of the thermal inactivation rates for PME in CXD
199 (Aa) and BOS 3155 (M) tomatoes.

Similar first-order kinetics were obtained for the inactivation
of several other tomato cultivars (data not shown). At the longest

inverse of the absolute temperature versus the absolute temperature ifieating times, there is an apparent deviation from linearity. This

very nearly linear. The slight curvature that should be present in the
plot of log D versusT is thus insignificant when compared to the
experimental scatter in the data.

Even if the relationship between IdyandT is not actually linear,
the slope of this plot at any givehcan still be defined as-1/z. This
slope is also given by the derivative of eq 5 with respect to temperature:

(6)

E.is thus related ta according to eq 7, wherg(K) is the temperature
used for inactivation.

—1/z= d(log D)/dT = —E/2.30RT

E,=2.30RT/z (7)

Because a range of temperatures must be used to determivedige,
we have taken the median temperature userhvalue determinations
to calculate the equivalei, for a givenz.

RESULTS AND DISCUSSION

PME. Thermal inactivation of PME in the juice of CXD 199
tomatoes showed apparent first-order kinetics. The plot of the
log of residual activity versus heating time could reasonably
be fit to a straight line over most of the time courségfre 1).

deviation could indicate the presence of a second minor isoform
of PME with greater thermal resistance. It also could be
explained by some subtle assay artifact such as a small
systematic error in our determination of the background rate of
H* production in our samples. This latter alternative has to be
considered given the nonspecific nature of this assay (H
production) and the crude nature of our samples. In any case,
this deviation is small and apparent only after more than 95%
of the activity has been inactivated. It is thus of very minor
consequence in predicting the loss of total activity during
heating.

The thermal inactivation data Figure 1 gave a simple, linear
Arrhenius plot Figure 2). The plot of the inactivation data for
a second tomato variety, BOS 3155, was very similar. There
was, therefore, no difference in the inactivation kinetics between
the typical hot-break and cold-break cultivars. The activation
energies as well as other inactivation parameters for PME in
these two tomato cultivars are listed iFable 1. Similar
inactivation parameters were determined with juice from several
other hot- and cold-break tomato cultivars (data not shown).

Two other groups have determined thermal inactivation
kinetics for PME in tomato juice. The results of Crelier et al.
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Table 1. Summary of Thermal Inactivation Parameters for Tomato
Enzymesab

tomato Tref krer X 103 E Dr,, z

enzyme cultivar (°C) (s (kJ/mol) (min)  (°C)
PME CXD 199 70 3.7+£03 477+ 19 104 438
BOS 3155 70 53+04 440 £ 15 72 52

PG1 CXD 199 90 24+£0.1 324+ 17 16.1 1.7
BOS 3155 90 24+0.2 351+22 15.8 7.1

PG2 CXD 199 70 147+04 2089 26 108
BOS 3155 70 97+03 215+ 11 4.0 104

POD CXD 199 70 26.1+25 546 + 36 15 41
BOS 3155 70 324+39 557 + 45 1.2 4.0

@ Inactivation rates (k) at the indicated reference temperatures (Trer), as well
as activation energies for inactivation (E,), were determined from the regression
lines fitted to the data in the Arrhenius plots (Figures 2, 5, and 7) °Dr, and z
values were calculated from the ke and E, values, respectively, using the equations
given in Materials and Methods.

(4) are in good agreement with ours. They reported a simple

first-order inactivation, a linear Arrhenius plot, a rate constant
for inactivation at 70°C of 6.25x 1073 s71, and an activation

energy of 350 kJ/mol. These values agree quite well with the

values determined in the present studyalfle 1). Their
inactivation data also shows a slight deviation from linearity
over long heating times.

In contrast, the earlier results of De Sio et &) are quite
different. They reported a highly nonlinear plot of IDgversus

temperature. By taking the slope of the tangent to this curve at

temperatures above 8C, azvalue of 27.8°C was determined.
This is equivalent to an activation energy of only 88 kJ/mol,
which is far lower than the value reported by Crelier et 4. (
or determined here. Both the odd nonlinearity of the g

Anthon et al.
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Figure 3. Thermal inactivation of PG1. Juice from CXD 199 tomatoes
was heated for the indicated times to 84.8 (#), 86.7 (M), 89.6 (a), or
92.8 °C (@).

range of 57 to 65C was used for inactivation. Simple first-
order kinetics were obtained with avalue of 6.5°C. This
corresponds to an activation energy of 326 kJ/mol, which is
similar to that obtained in the present study and by others. By
extrapolating these results to 7@€, aD value of 0.38 min,
corresponding to a rate constant of 0.10, $s obtained. This
value is 4 times higher than that reported by Lopez et@l. (
and more than 20 times greater than that reported in the present
study or by Crelier et al.4) for PME in juice. Because these
authors do not specify the pH of the resuspended enzyme (it is
presumably near 7), it is unknown whether the more rapid
inactivation they observed is due to a pH effect or to the lack
of other components in the enzyme solution.

The same group that produced the anomalous PME inactiva-

versus temperature plot as well as the very low apparent qn kinetics in tomato juice has also determined inactivation
activation energy given by DeSio et al. can be explained if itis jnetics for purified PME isozymes, in this case using pH 7.5

assumed that they substantially underestimated the rate ofy ¢er and heating in plastic tube8)(They determined values

inactivation at the high end of their temperature range. This
seems quite likely. Their data is derived from very short time

of between 15 and 24C (E, values of 96 to 155 kJ/mol), which
are much lower than what others have determined for purified

courses (30 s or less) and an experimental protocol that involves;ymatq pME. As described above, the use of plastic vessels for
heating 1.5-mL samples in plastic bags. The come-up time for pe4ting and a failure to account for come-up time may account
heating this volume in a plastic bag may be significant, and a ¢o the anomalous results obtained by this group. The relevance

failure to account for this would lead to an underestimation of of this inactivation data in pH 7.5 buffer to tomato juice, which
the inactivation rate. This error would be greatest at the highest; pically has a pH of 4.2 to 4.6, is also questionable. '

temperatures because these temperatures involve the shortes¥

time courses.

Inactivation kinetics for tomato PME have also been deter-
mined with purified and partially purified enzyme preparations.
Lopez et al. ) measured the inactivation of a partially purified
preparation in pH 4 citrate buffer containing 0.4 M NaCl. Simple
first-order kinetics were obtained with[@ value at 70°C of
1.53 min and az value of 5°C. This corresponds to an
inactivation rate constant of 0.192'sand an activation energy
of 452 kJ/mol. This activation energy is approximately the same
as what we determined for the inactivation in juice, but the rate
constant at 75°C is 5 times higher. This difference in the
inactivation rate is probably the result of the pH difference
between their buffer (4.0) and that of the juice we used (4.4).

PG. It is well established that there are two forms of PG in
tomatoes, designated PG1 and PG2, that differ substantially in
their thermal stability. This large difference in thermal stability
makes it possible to determine the inactivation kinetics of each
independently of the other, even in a crude homogenate, by
using the procedure described by Ling and Ludd)( The
inactivation of PG1 and PG2 in juice from the CXD 199 cultivar
is shown inFigures 3 and 4. The more heat resistant form,
PG1, which comprised about 15% of the total activity, required
temperatures of 85C and higher for a significant rate of
inactivation. PG 2, however, was inactivated rapidly at tem-
peratures below 75C. The Arrhenius plotKigure 5) for PG1
showed no difference between the two cultivars of tomatoes
and only a small difference for PG2. Inactivation parameters

We have found that the rate of inactivation is strongly dependent for PG1 and PG2 for both tomato cultivars are giverTable
on pH at pH values between 4 and 5. For example, when tomato1, There is no apparent difference between the two tomato

juice with a pH of 4.36 was acidified to 4.00 by the addition of
HCI, the rate of inactivation at 71.8C was increased more
than 4-fold (data not shown).

Inactivation kinetics for commercially available purified
tomato PME have also been reported. (In this case, the

cultivars except that the rate constant for the inactivation of
PG2 at 70°C was slightly higher for CXD 199 than for BOS
3155. Similar inactivation kinetics were determined for several
additional hot- and cold-break tomato cultivars (data not shown).
Thermal inactivation kinetics for tomato PG have been

enzyme preparation was resuspended in water, and a temperatuneported by others for both purified PG and for PG in juice.
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Figure 6. Thermal inactivation of POD. Juice from CXD 199 tomatoes

Figure 4. Thermal inactivation of PG2. Juice from CXD 199 tomatoes was heated for the indicated times to 66.0 (4), 68.0 (®), 70.0 (a), or

was heated for the indicated times to 64.9 (M), 67.0 (®), 68.9 (a), 70.9

(@), or 72.8 °C (O). 72.0 °C (m).
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Figure 5. Arrhenius plot of thermal inactivation rates for PG1 (open Figure 7. Arrhenius plot of thermal inactivation rates for POD. Inactivation
symbols) and PG2 (closed symbols) in CXD 199 (4, A) and BOS 3155 was determined in juice with CXD 199 (@), in juice in with BOS 3155
(m, 00) tomatoes (a), or in pH 6.5 buffer with BOS 3155 (A) tomatoes.
The existing data for inactivation in juicet)(is difficult to PME, the inactivation kinetics determined in pH 4 buffer give

interpret because these authors made no distinction between PG&imilar activation energies for inactivation to those determined
and PG2. From the temperature range employed, it appears thain juice but higher rates of inactivation.
they were measuring the inactivation of PG1. They were able POD. Peroxidase is generally one of the most thermally stable
to model the inactivation reasonably well by assuming simple enzymes found in fruits and vegetables. Although the role of
first-order kinetics of a single isozyme. The relative amounts POD in causing quality changes is not well established, it is a
of PG1 and PG2 in a tomato homogenate are known to be commonly used indicator for the inactivation of endogenous
variable (L0), so it is possible that the juice they were using enzymes during heating because the assay is simple and rapid.
contained a much higher proportion of PG1 than that used in Inactivation kinetics for POD from tomatoes have not been
our study. They reported an inactivation rate constant 290  previously reported. We investigated the thermal stability of
of 0.0031 st and an activation energy of 134 kJ/mol. This rate POD to determine whether it would be suitable as a proxy for
constant is similar to what we determined at*’@0) the activation the inactivation of either PME or PG.
energy is much lower. This difference could arise from their ~ Thermal inactivation of POD in tomato juice showed simple
failure to distinguish clearly between PG1 and PG2. first-order kinetics Figure 6). Arrhenius plots constructed from
Thermal inactivation kinetics have also been determined for these inactivation kinetics were also linear and showed little
partially purified PG1 and PG2 in pH 4 citrate buff&).(The difference between the two cultivars of tomatoes studiéglife
zvalues of 5.6 and 9.4C obtained, corresponding to activation 7). Activation energies and rates of inactivation at a reference
energies of 456 and 238 kJ/mol for PG1 and PG2, respectively,temperature are given ifiable 1. These parameters indicate
are in reasonable agreement with the values we determinedthat POD in tomatoes is not especially stable toward heat and
(Table 1). Their reported rates of inactivation, however, are would be inactivated more rapidly than PME or either of the
higher than ours. At 90C, their rate constant for the inactivation PG isoforms. When inactivation was performed on a juice
of PG1 can be calculated from their report@dvalues to be sample that had been passed through Sephadex G-25 equili-
0.009 st. This is almost 4 times higher than what we found. brated with pH 6.0 phosphate buffer, first-order kinetics were
Similarly, their rate of inactivation of PG2 at AT is 5to 7 still obtained, but a higher range of temperatures was required
times greater than ours. This difference may be due to the for inactivation. The Arrhenius plot for this desalted preparation
differences in the composition and pH of the buffered medium was linear, with a slope similar to that obtained for the samples
they used for heating as compared to those of juice. As with heated in juice. The calculated activation energy for inactivation
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