
RADIATION CHEMISTRY AND PHYSICS, RADIATION TECHNOLOGIES52

served was identical with that used for detection
of irradiation in bone and eggshell by the EPR
method. This signal is specific for hydroxyapatite
that appears in some extent in exoskeletons of
shrimps and crabs. However, the results of model
studies on these products were not reliable enough.
For that reason, crustacea are not quoted until now
in European Standard EN 1786 among food prod-
ucts that can be examined by EPR method to prove
their irradiation [3]. The most reliable results have
been obtained with lobsters [4]. The results of the
examination of various crustacea species indicated
that the EPR signal is more or less influenced by
the variety, origin and age of crabs.

Nowadays, the Laboratory for Detection of Ir-
radiated Food has more and more orders for de-
tection of irradiation in shrimps. Part of them are
delivered in cuticles. A method adapted to accom-
plish the detection of irradiation in shrimps is a
thermoluminescence measure. However, the ana-
lytical procedure is much time-consuming and
needs several days to receive the final result.

The aim of present study was to prove, whether
the EPR examination of cuticles taken from shrimps
could be used as a screening method for the de-
tection of irradiation in this product. The earlier
results obtained with irradiated cuticles of shrimps
only seem promising [5].

In a model study commercial shrimps were ir-
radiated in a 60Co source with doses of 1, 3 and 7
kGy. The technological dose recommended for
microbial decontamination of shrimps is between
3 and 7 kGy.

Cuticles taken from the shrimp body were
cleaned, dried and subsequently crushed to small
pieces to be measured by the EPR method. The
resultant spectra recorded with cuticles irradiated
with 3 and 7 kGy are shown in Fig.1. The positions
of coefficient g (spectroscopic splitting factor),
specific for irradiated hydroxyapatite, are marked
with arrows. The signal is a singlet of axial symme-
try with gx=2.0035, gy=1.9973 and gz=2.0017, re-
spectively.

The positions of all three g’s in the magnetic
field are easily distinguished in the spectrum of
cuticle irradiated with 7 kGy (Fig.1b). However, in
the spectrum of cuticle irradiated with 3 kGy the
positions of gz and gx are not very well defined al-
though the experienced EPR operator can estab-
lish them with a precision which could be perhaps

satisfactory enough for identification of radiation
treatment (Fig.1a).

In conclusion, it can be postulated that the EPR
measurement of cuticles of shrimps can be adapted
in the Laboratory as preliminary, screening test
proving the irradiation of shrimp. It has to be
stressed, however, that the lack of a specific, hy-
droxyapatite born EPR signal in the spectrum can-
not suggest that sample was not irradiated.
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Fig.1. The EPR spectra (first derivatives) recorded with
cuticles taken from shrimps irradiated with 3 kGy
(a) and 7 kGy (b). The positions of g values specific
for irradiated hydroxyapatite are marked with ar-
rows: gx=2.0035, gy=1.9973, gz=2.0017.

binding of lipids to the polysaccharide chains was
found to resist recrystallisation of starch gels.

Our previous studies have shown that degra-
dation resulting from gamma irradiation induces
a decrease in order of starch granules [1,2] and

The course of gelatinisation and retrogradation
occurring during heating of starch and flour sus-
pensions depend on the structure of starch gran-
ules. In the case of wheat flour, retrogradation de-
pends additionally on the presence of lipids. In fact,
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taking place in the non-irradiated and particularly
irradiated starch samples was checked. Special in-
terest was given to the influence of thermal treat-
ment and further storage on the processes occur-

ring in dense (ca. 50%) and watery (20-25%) starch
gels.

Wheat starch was a Sigma product. Irradiations
were carried out with 60Co radiation in a gamma
cell “Issledovatel” in the Department of Radiation
Chemistry, Institute of Nuclear Chemistry and
Technology. DSC studies were carried out during
heating-cooling-heating cycles (up to 3 heating
processes) in the temperature range 10-150oC. The
measurements were performed at heating and
cooling rates of 10, 5 and 2.5oC/min. A Seiko DSC
6200 calorimeter installed at the University of
Lund was used. Transition enthalpy (∆H) as well
as peak and onset temperature (Tp, Ton) were de-
termined.

Modification of the amylose-lipid structure in
wheat starch, in particular a decrease of the com-
plex symmetry, can be concluded already after ir-
radiation with a dose as high as 5 kGy. It is shown
by a decreased temperature of the complex transi-
tion (Fig., Table 1), in particular observed during
the successive heating and cooling cycles. The dif-
ference between the irradiated and the non-irra-
diated samples became more easily seen in each

influences gelatinisation taking place during heat-
ing of starch and flour suspensions [3-7]. It was
also found that modification in lipids surrounding
brought about by gamma irradiation affect amy-
lose-lipid complex transition taking place in wheat
starch and wheat flour [3-6]. In particular, an essen-
tial decrease in transition temperature was found
after irradiation performed with a dose of 30 kGy.
Furthermore, our preliminary results have dem-
onstrated that differences in storage effects on the
irradiated and non-irradiated wheat starch and
flour gels and might result in the expanded differ-
ences in the amylose-lipid structure formed in such
gels.

At present, DSC (differential scanning calo-
rimetry) studies were continued for wheat starch,
non-irradiated and irradiated using doses in the
range from 5 to 30 kGy. The influence of the con-
ditions applied during DSC measurements on the
possibility to observe differences between the amy-
lose-lipid complex transition and retrogradation

Fig. Comparison of the amylose-lipid transition endother-
mal effects recorded during the third heating and exo-
thermal effects, observed during the third cooling in
the case of the dense (50%) suspensions. Heating and
cooling were performed with a rate of 10oC/min.

Table 2. DSC results obtained for the non-irradiated and irradiated wheat starch gels (residues after the first DSC
analysis, containing after the procedure ca. 60% of dry matter), carried out in the heating-cooling cycle after 13
days of storage.

Table 1. The values of peak temperature determined for
themal effect of the amylose-lipid complex tran-
sition taking place in the non-irradiated samples
and those irradiated with various doses obtained
during heating at a rate of 10oC/min.



RADIATION CHEMISTRY AND PHYSICS, RADIATION TECHNOLOGIES54

next cycle. It is because thermal treatment causes
a decrease of transition temperature in all the irra-
diated samples (showing further deterioration of
the complex structure under the influence of ther-
mal treatment), with no effect or increase of tran-
sition temperature observed in the non-irradiated
starch. The effect was observed for 50% (dense)
suspensions/gels as well as for 20% (watery) sus-
pensions/gels.

Retrogradation of wheat starch during storage
occur more easily in dense suspensions than in
watery ones. It was stated that irradiation hinders
retrogradation taking place in dense suspension
(Table 2, columns 2 and 3), but facilitates retro-
gradation taking place in watery ones (Table 3, col-
umns 2 nad 3). In purpose of direct comparison of
irradiation effect on retrogradation, the yield of
retrogradation R was calculated as a percentage
of the initial enthalpy of gelatinisation determined
during the first heating. This parameter included
the decrease in gelatinisation enthalpy brought
about by irradiation.

Storage of the gels induces a decrease in the tem-
perature of the amylose-lipid complex transition
as compared to the last cycle of the first analysis
(Tables 1-3), accordingly to the occurring recrystal-
lisation of gels. This result differs from the increase
in the transition temperature observed after irra-
diation for wheat flour [6]. That decrease was, how-

Chemical transformations of amino acids, break-
down of peptide bonds, and hydrogen and disul-
phide bridges, as well as crosslinking of the chains
might occur under the influence of ionising radia-
tion and affect the tertiary structure of proteins and
their physicochemical properties. Nature of dam-
age that result from radiation processes taking place
in the solid state might differ from those carried
out in the water environment.

During the last years, differential scanning calo-
rimetry (DSC) became a useful method for life
sciences and was applied widely in structural studies

Recently, gamma irradiation became more and
more often applied for modification of biopoly-
mers. Radiation modification of protein based poly-
mers as well as the present development of gamma
irradiation techniques as a method of food sterilis-
ation and preservation induces necessity of better
recognition of the physicochemical changes occur-
ring in proteins after gamma irradiation. Estima-
tion of the applicability of particular physicochemi-
cal methods for detection of the structural modi-
fications taking place under influence of gamma
irradiation corresponds to that problem.

ever, more significant in the case of all the irradi-
ated samples than in the case of the initial sample.
As a result, the differences between the irradiated
and non-irradiated samples are more easily de-
tected after storage.

The better differentiation between the amy-
lose-lipid complex transition taking place in par-
ticular samples accompanied by the better repro-
ducity were obtained in the case of dense suspen-
sions as compared to the watery suspensions as well
as during the first analysis performed for the re-
crystallised gels.

The work was sponsored in the frame of the
Polish Ministry of Scientific Research and Informa-
tion Technology research grant No. 2P06T 026 27.
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Table 3. DSC results obtained for the non-irradiated and irradiated wheat starch gels (residues after the first DSC
analysis, containing ca. 25% of dry matter) carried out in the heating-cooling cycles after 7 days of storage. Nd
– not detected.


