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Abstract

l-Ascorbic acid or Vitamin C is a highly soluble compound that has both acidic and strong reducing properties. The natural form of the
vitamin is thel-isomer; thed-isomer has about 10% of the activity of thel-isomer and is added to foods for nonvitamin purposes. Aside from its
use as a vitamin, ascorbic acid or some derivatives are employed as antioxidants in foodstuffs, to prevent rancidity, browning of cut apples and
other fruits and in meat curing. Radiation affects polysaccharides like carrageenan, widely used in food industry, modifying their rheological
properties. In this work, ascorbic acid was used in order to verify their capability as radiation protector on irradiated polysaccharides. One
percent aqueous solutions of this polysaccharide were prepared. Ascorbic acid was added to attain 5, 10, 15 and 20% (w/v) final concentrations.
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o-60-irradiation was performed in a Gammacell 220 (AECL), dose rate about 5.2 kGy/h, with doses of 1.0, 2.5, 5.0 and 10.0 kGy.
ffects were followed by changes in the viscosity of irradiated solutions. Ascorbic acid presented a radioprotector behavior on c
olutions and the radioprotective action of antioxidant Vitamin C was dependent upon their concentration.
2004 Elsevier B.V. All rights reserved.
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. Introduction

During the last decades, increasing attention has been
iven to the role of free radicals in biological oxidations.
ree radicals are highly reactive molecules, able to react with
ellular structures and materials. For the protection against
armful free radical actions, it was suggested an increase in

he dietary intake of the antioxidant vitamins, especially for
iets high in polyunsaturated fats[1,2]. Free radical scav-
ngers in the form of indigenous or added antioxidants are
lso necessary for the successful preservation of food[1].

Ascorbic acid and tocopherols are widely distributed in
uman diet and have been reported to scavenge active oxy-
en species and prevent cell damage[3]. There are evidences

hat antioxidants can scavenge or quench free radicals gen-
rated by irradiation[4]. Nutrients like ascorbic acid or vita-
in C present a crucial role in the prevention or delay of the
nset of degenerative diseases. These nutrients act as antiox-

∗ Corresponding author.
E-mail address:nlmastro@ipen.br (N.L. Del Mastro).

idant, being responsible for the neutralization of oxida
processes generated by free radicals in animal organ
Ascorbic acid is noted for its complex multi-functional
fects. Depending on conditions ascorbic acid can act a
antioxidant, pro-oxidant, a metal chelator, a reducing a
or an oxygen scavenger. In aqueous systems containing
als, ascorbic acid can act as a pro-oxidant by reducin
metals, which become more active catalysts of oxidatio
their lower valence state. In the absence of added m
ascorbic acid is an effective antioxidant at high concen
tions. In non-aqueous media, ascorbic acid and esters a
good antioxidants[5].

The interest in using natural antioxidants as additive
the food industry continues to grow because they are
sumed to be safe since they occur in foods and have
used for centuries, and the question of safety of synt
compounds can thus be avoided[5]. Antioxidants are sub
stances that can delay the onset or slow the rate of o
tion of autoxidizable materials. Literally, hundreds of co
pounds, both natural and synthesized, have been repor
possess antioxidant properties. Their use in food, how
927-7757/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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is limited by certain obvious requirements not the least of
which is adequate proof of safety. For maximum efficiency,
sometimes primary antioxidants are often used in combina-
tion with other phenolic antioxidants or with various metal
sequestering agents[6].

There is an increasingly important research discipline that
studies physical properties at the macromolecular and parti-
cle scale in complex food structures[7]. The sensitivity or
stability against ionizing radiation of ascorbic acid present
in food or in in vitro systems was the subject of different
research[8,9]. On the other hand, the capability of ascorbic
acid as radioprotector itself was establish in diverse systems
[10].

The aim of this work was to assess the radioprotecting
capability of ascorbic acid when applied to an in vitro sys-
tem based on carrageenan, a polysaccharide used regularly
as food additive, by following the viscosity profile of the ex-
perimental mixtures.

2. Materials and methods

2.1. Materials

Kappa and iota-carrageenans distributed by
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Fig. 1. Viscosity as function of the radiation dose for the carrageenan solu-
tions (250 rpm, 60◦C).

3. Results and discussion

As previously mentioned, we wanted to examine the hy-
pothesis of ascorbic acid been use as radioprotector in an
experimental system made of a common additive used as
thickener by the food industry.Fig. 1 presents the viscos-
ity values of carrageenan solutions as a function of dose,
measured at 60◦C and an angular speed of 250 rpm. The
viscosity curves reflect the depolymerization action of radi-
ation treatment characterized by a diminution on molecular
weight. A progressive decrease on viscosity is verified as
a function of the applied radiation dose. The viscosity re-
duction of carrageenan solutions due to radiation effect was
of 17, 27, 31 and 37%, respectively, for 1.0, 2.5, 5.0 and
10.0 kGy.

Different radiation actions were observed depending on
the percentage of ascorbic acid present in the system. When
ascorbic acid was added to unirradiated carrageenan solu-
tions, a decrease of 31, 25, 22 and 17% for the viscosity
was found, for concentrations, respectively, of 5, 10, 15 and
20% (w/v), as compared to the solutions without ascorbic
acid.

The decrease in viscosity was inversely proportional to
the ascorbic acid concentration, showing a protective ac-
tion of the antioxidant vitamin for carrageenan solutions,
w scor-
b , the
p cen-
t -
m radia-
t ation
w

le at
p ver,
i an
elymar–Adicon Additives Industry and Trade Lt
P, Brazil, were employed. The dealer Chemical
harmaceutical Galena Ltd. supplied ascorbic acid kind

.2. Irradiation

Irradiations were performed in a Co-60 Gammacell
AECL); dose rate, 5.2 kGy/h with doses of 0, 1.0, 2.5,
nd 10.0 kGy; dose uniformity factor, 1.13. For irradiat

he samples were contained in 100 ml glass tubes.

.3. Viscosimetry

Viscosimetry techniques developed previously at the l
atory were applied[11]. A Brookfield viscometer, model LV
VIII, with an adapter ULA and a Neslab water bath mo
TE-210, precision±0.1◦C was employed. Carrageenan

utions were prepared at 1% (w/v) at about 100◦C. To the
olutions already prepared, ascorbic acid was added to
, 5, 10, 15 and 20% (w/v) final concentrations. Repo
iscosity measurements were the average of at least
eterminations.

.4. pH measurement

An Analyser model pH 300 for pH measurement was
loyed at 25◦C.
here greater viscosity values resulted when higher a
ic acid concentrations were employed. As expected
H was inversely proportional to the ascorbic acid con

ration (Table 1). As can be seen inTable 1, pH measure
ents remain almost unchanged whatever the gamma

ion dose applied when a certain ascorbic acid concentr
as used.
It was described that carrageenan remained stab

H values normally incurred in food systems. Howe
t loses viscosity in systems below pH 4.3 if held at
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Table 1
pH in different doses of gamma irradiation and ascorbic acid concentrations

Dose (kGy) pH

0a 5a 10a 15a 20a

0 6.96 2.56 2.28 2.13 2.00
1.0 6.99 2.55 2.26 2.09 1.94
2.5 6.90 2.55 2.29 2.13 1.96
5.0 6.70 2.56 2.28 2.12 1.97

10.0 6.38 2.55 2.30 2.13 1.98
a Ascorbic acid (%, w/v).

elevated temperature, been the gel processing time 5.0 h
at 40◦C and 2 s at 120◦C [12]. The resultant hydrol-
ysis of the carrageenan leads to a lower gel strength.
Present viscosity measurement was made at 60◦C, so the
influence of temperature may have also some contribu-
tion.

The protection that fruits and vegetables provides against
diseases, including cancer and cardio- and cerebrovascu-
lar diseases, has been attributed to the various antioxi-
dants contained in them[13,14]. At present, there is over-
whelming evidence to indicate that free radicals cause ox-
idative damage to biological macromolecules. Therefore,
antioxidants, which can neutralize free radicals, may be
of central importance in the prevention of these disease
states.

Other important actions of ascorbic acid on polysaccha-
rides were also described elsewere. On carrageenan and chi-
tosan films, for instance, ascorbic acid tends to improve the
resistance to the traction, to the prolongation and permeabil-
ity to the steam of water[15]. As ascorbic acid is used largely
in foods, their use as radioprotector[10] could easily be ac-
cepted in any food composition. Complementary studies on
radiation protecting effect due to ascorbic acid on polysac-
charide macromolecules are needed taking in account the
increasing applications of food irradiation. In addition, re-
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