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Abstract : The changes in the overall antioxidant properties of tomato juice samples and model solu-

tions as a consequence of heat treatments were studied. The antioxidant properties were evaluated

both through the measurement of the chain breaking and the oxygen scavenging activities. While a

decrease in the antioxidant potential was found for short heat treatments, a recovery of these proper-

ties was measured by prolonging heating times. Results suggested that the initial reduction in the

overall antioxidant activity can be attributed not only to the thermal degradation of naturally

occurring antioxidants but also to the formation of early Maillard reaction products (MRP) with pro-

oxidant properties. The gain in antioxidant activity coincided with the formation of brown MRP.
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INTRODUCTION

In recent years increasing attention has been paid to
the role of antioxidants in human health. Such com-
pounds, particularly those of natural origin, are rec-
ognised as factors in food preservation but are now
believed to be important health protecting factors. In
fact, they can act both by reducing the content of
toxic components in foods and by supplying the
human body with exogenous antioxidants.1h8 For
these reasons, information on the overall antioxidant
properties of foods is becoming relevant in the üelds
of nutrition and food technology.

Most of the data now available generally relate
solely to the measurement of the natural antioxidant
content or to the evaluation of its ability to slow
down lipid oxidation in accelerated stability tests.9
They do not provide comprehensive information on
the overall antioxidant potential of foods arising from
the action of compounds via various mechanisms,
mostly chain breaking, oxygen scavenging and metal
chelation. The evaluation of the total antioxidant
properties of foods should take into account the mea-
surement of these properties and their relative
importance in the food matrix.

It is well known that naturally occurring anti-
oxidants could be signiücantly lost as a consequence
of processing and storage. In particular, thermal
treatments are generally believed to be the main
cause of the depletion in natural antioxidants.10,11
Thus, considering the important role of these com-
pounds as health protecting factors, the original anti-

oxidant properties of raw materials or foods should
be maintained through the use of optimised food
processing conditions. On the other hand, heating
can also induce the formation of further compounds
with antioxidant properties, as occurs during the
development of the Maillard reaction.12h15

In the last decade, extensive work has been carried
out on the antioxidant properties of Maillard reac-
tion products (MRP). Experiments, mainly carried
out on simple model systems, have shown that MRP
exhibit antioxidant properties, particularly chain
breaking and oxygen scavenging activities. Lipid oxi-
dation rates were signiücantly slowed down when
MRP were added or formed during heating.16h28
Despite these eþorts, few data are available on the
changes in the overall antioxidant properties of foods
as a consequence either of the depletion of natural
antioxidants during processing and/or storage or, in
the case of heat treatments, of the contemporary for-
mation of MRP with antioxidant properties.29
Observations carried out on coþee beverages, for
example, showed that their overall antioxidant
properties were greatly increased with increasing
degree of roasting.30

In this study the changes in the overall antioxidant
properties of tomato juice samples as a consequence
of heat treatments are studied. Simple model
systems, simulating the composition of tomato juice,
are also considered. The antioxidant properties are
evaluated both through the measurement of the
chain breaking and the oxygen scavenging activities.
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MATERIALS AND METHODS

Sample preparation

A 6¡Brix tomato puree and an aqueous solution con-
taining 10g kg~1 glucose, 15g kg~1 fructose and
2.4g kg~1 L-glutamic acid (Carlo Erba Analitycals,
Milano, Italy) were used. The model solution was
adjusted to pH 4.5 with 10M NaOH. No dilution
eþects were observed. Aliquots of tomato puree or of
model solution were introduced into 100ml screw
capped bottles and heated in an oil bath at 95¡C or
70¡C for up to 50h. After heating, samples were
rapidly cooled in cold running water. The tomato
samples were centrifuged at 5000] g for 20min
(Heraeus, Sepatech Megafuge 1.0, Osterode,
Germany). Model solutions and tomato juice samples
were then stored at [20¡C. All the experiments were
carried out on the thawed tomato aqueous fractions
and model solutions. Preliminary trials showed that
freezing and thawing did not aþect the antioxidant
activity of the samples.

Analytical determinations

Total solid content
The determination of the total solid content of the
tomato aqueous fraction was carried out according to
AOAC.31 Measurements were made in duplicate and
the diþerence between the two determinations,
carried out on the same sample, did not exceed
0.3g kg~1 solid content.

Optical density

Absorbance at 420nm was measured using a Varian
DMS 80 UV–Vis spectrophotometer.32 Solutions
were diluted with distilled water to give absorbance
signals on scale. Measurements were carried out in
triplicate. Coefficients of variation, expressed as the
percentage ratio between the standard deviation and
the mean value, were found to be less than 5%.

Ascorbic acid

The ascorbic acid content was measured using an
enzymatic assay (Boeringher Mannheim, Mannheim,
Germany).

Rancimat test

The Rancimat test was carried out according to a
method described previously,33 using a model 679
Metrohom Rancimat (Metrohom, Herisau,
Switzerland). Aliquots of 3g virgin olive oil stratiüed
over 5g tomato aqueous fraction were put in the
reaction tubes and heated at 95¡C in the presence of
a 20 litres h~1 air ýow. The air ýow through the
sample caused a turbulence so that an intimate
contact between the solid components of tomato and
the oil matrix was achieved. As water aþects oil oxi-
dation rate, a virgin olive oil–water sample was tested
as a reference. Results were expressed as a per-
formance ratio between the induction time of the oil–

tomato and of the oil–water mixtures. Measurements
were carried out in duplicate.

Oxygen uptake
The oxygen consumption of the tomato aqueous
fraction was measured according to the methodology
of Ref 34. A YSI model 53 oxygen monitor (Yellow
Springs Instruments Co Inc, Yellow Springs, OH,
USA) equipped with an oxygen electrode was used.
The airtight reaction vessel was ülled with 3ml of
tomato juice samples conditioned at 25¡C. The
oxygen consumption was recorded using a Bromma
recorder (LKB Producter, Bromma, Sweden). Dis-
tilled water was used as a control. The rate of the
oxygen uptake was calculated from the initial linear
portion of the curve obtained. The oxygen consump-
tion activity was expressed as lmoles oxygen con-
sumed min~1 g~1 dry matter, assuming that the
oxygen concentration in air-saturated water at 25¡C
is 237lmol litre~1. Five measurements were carried
out on each sample and the coefficient of variation
was \12%.

Chain breaking activity
The procedure for the determination of the chain
breaking activity has previously been described.8 In
particular, the ability of a compound or of a mixture
of compounds to quench peroxyl radicals produced
by a 103.8mM aqueous solution of ABAP (2,2@-
azo-bis(2-amidinopropane)dihydrochloride) (Wako
Chemicals GmbH, Neuss, Germany) was measured
spectrophotometrically (Kontron Istruments,
Uvikon 860, Milano, Italy) at 443nm by analysing
the ürst order rates of crocin bleaching.

The competition kinetics follow the equation:

*Ao/*A \ Vo/V \ (kc[C]] ka[A])/kc[C]

\ 1] (ka/kc)([A]/[C])

where and *A are the absorbance variations in*Ao
the absence or in the presence of antioxidants ; Vo
and V are the bleaching rates in the absence or in the
presence of antioxidants ; kc and ka are the rate con-
stants of the crocin bleaching in the absence or in the
presence of antioxidants ; [A] and [C] are the con-
centration of antioxidant and crocin. Crocin was iso-
lated from saþron (Sigma Chemical Co, Sant Louis,
MO, USA) by methanol extraction after repeated
washing with ethyl ether. The crocin solution was
diluted with methanol in order to obtain a 0.30M

crocin solution (the absorption coefficient of crocin
at 443nm is 1.33] 105 mol~1 cm~1). Analyses were
carried out at 49¡C in 2ml incubation medium con-
taining 0.1M phosphate buþer pH 7.0, 9.11lM

crocin and increasing amounts of tomato juice
samples or sugar-amino acid model systems. The
reaction was started by adding 50ll ABAP aqueous
solution. Duplicate measurements were made for
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each sample. All the dry matter of samples was
assumed to have antioxidant properties.

RESULTS AND DISCUSSION

The overall antioxidant properties of tomato samples
heated at 95¡C for up to thirty hours were qualit-
atively assessed measuring the eþectiveness in pro-
longing the induction period prior to oxidation of an
oil subjected to an accelerated stability test. Table 1
shows the performance ratio of the heated tomato
samples. Results indicated that after an initial
decrease, observed for the 2h and 4h heated
samples, a recovery of the original antioxidant poten-
tial can be achieved by prolonging the heating time.

Since the accelerated stability test does not give
any information about the mechanisms involved in
the antioxidant activity of the naturally occurring
and/or the heat-induced compounds present in the
product, the chain breaking and the oxygen scav-
enging properties were evaluated.

Figure 1 shows the changes in the chain breaking
activity of tomato samples subjected to heat treat-
ment at 95¡C for various times. Corresponding
values of optical density at 420nm are also reported.
A slight reduction in the chain breaking activity
during the ürst 3h heating was detected. This varia-
tion did not correspond to any appreciable change in

Table 1. Performance ratio of tomato s ample

heated at 95¡C for up 30 h

Heating time (h) Performance ratioa

0 1.22^ 0.02
2 1.13^ 0.03
4 1.17^ 0.02
15 1.26^ 0.06
30 1.31^ 0.03

a Calculated as the ratio between the

induction time of the oil–tomato s amples and

of an oil–water mixture, taken as a reference;

each meas urement is an average of two

replications ^ s tandard deviation.

Figure 1. Changes in the chain breaking activity and in the

optical dens ity at 420 nm of tomato juice s amples heated at 95¡C.

optical density. By prolonging heating times, a
recovery and a further increase in the chain breaking
activity was observed. Samples heated for 15h and
longer, showed chain breaking activity values pro-
gressively higher than those measured for the
unheated tomato sample. These variations were
associated with the notable increase in optical
density.

Similar experiments, carried out at 70¡C, con-
ürmed the presence of an initial decrease in the chain
breaking activity within the ürst 5h of heating. By
prolonging heating times, a recovery in the chain
breaking activity was observed but only up to values
close to those measured for the unheated tomato
samples. In this case no changes in optical density
were observed (Fig 2).

The variations in the chain breaking activity of
tomato juice samples as aþected by heating could be
the consequence of diþerent reactions, which involve
the natural antioxidants and/or the development of
MRP. Natural antioxidants present in the tomato
aqueous phase (mainly ascorbic acid) can easily
undergo thermal degradation and/or consumption in
the Maillard reaction pathway.35,36 In fact, the
reduction of the ascorbic acid concentration in the
tomato samples was close to 90% after only 4h of
heating (data not shown). Nevertheless, the forma-
tion of compounds with pro-oxidant properties
during the early stages of the Maillard reaction may
also be an explanation.

In order to evaluate the contribution of the MRP
only, the chain breaking activity of heated model
systems containing glucose, fructose and glutamic
acid was assessed. Data referred to experiments
carried out at 70¡C and 95¡C are reported in Fig 3. It
is interesting to observe that an initial decrease in the
chain breaking activity was detected even in the case
of the model systems. In addition, as previously
observed for the tomato juice samples, the recovery
and the further increase in the chain breaking activ-
ity of the model system was accompanied by an
increase in optical density when heated at 95¡C, as
shown in Table 2.

Figure 2. Changes in the chain breaking activity and in the

optical dens ity at 420 nm of tomato juice s amples heated at 70¡C.
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Figure 3. Changes in the chain breaking activity of a 10 g kgÉ1

glucos e, 15 g kgÉ1 fructos e and 2.4 g kgÉ1 L-glutamic acid

aqueous s olution heated at 70¡C and 95¡C.

The formation of free radicals during the early
stages of the Maillard reaction was previously
proposed37 for a glucose–alanine model system.
These authors observed that highly reactive radicals
were formed just prior to the Amadori rearrange-
ment and that their disappearance was accompanied
by a gradual development of browning.

It is likely that the pro-oxidant properties, found
both for the tomato samples and for the model solu-
tions subjected to short heat treatments, were due to
the reaction of the MRP radicals with crocin. Thus,
the observed increase in the crocin bleaching rate is
the result of the action of both peroxyl radicals pro-
duced by ABAP and MRP radicals.

Figure 4 shows the oxygen consumption rates of
the tomato samples as a function of heating time at
70¡C and 95¡C. As regards samples heated at 95¡C,
the changes in the oxygen scavenging properties
were similar to those found for the chain breaking
activity. In fact, an initial decrease and a further

Table 2. Changes in optical dens ity at

420 nm of glucos e–fructos e–glutamic acid

aqueous s olutions heated at 70¡C and 95¡C
for different lengths of time

Heating time (h) Optical Dens ity

70¡C 95¡C

0 NDa ND

2 ND ND

4 ND ND

6 ND ND

15 ND 0.08

24 ND 0.19

30 ND 0.29

40 ND 0.79

50 ND 0.90

a ND, not detectable.

Figure 4. Oxygen uptake of tomato juice s amples heated at 70¡C
and 95¡C.

recovery of the oxygen consumption rate were
observed, while heat treatments carried out at 70¡C
caused only a slight increase in the oxygen consump-
tion rate.

Results reported above showed that heating caused
an increase in the overall antioxidant potential of the
tomato juice. This occurred as a consequence of the
formation of melanoidins during the advanced steps
of the Maillard reaction. In the light of these ünd-
ings, stability and shelf life of tomato derivatives or
food products containing tomato as an ingredient are
expected to be improved when prolonged thermal
treatments are applied. However, short heat treat-
ments promoted an initial reduction in the original
antioxidant potential of the product. These data
suggest that compounds with pro-oxidant properties
are formed during the early stages of the Maillard
reaction. These results appear of considerable inter-
est as regards short time heat treatments which could
be responsible of a depletion of the overall anti-
oxidant potential of the products even through the
formation of compounds with pro-oxidant proper-
ties.

The eþects of these substances on the shelf life of
the product as well as on human health can easily be
imagined and further investigations appear to be
worthwhile.
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