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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.
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of proteins. Thermoanalytical methods (TG, DTG)
applied for proteins pyrolysis were also found to
be useful in characterisation of proteins structure
and the properties of proteins containing tissues [1].

We have initiated studies of the processes oc-
curring in the irradiated biochemicals (proteins,
polysaccharides, foodstuffs) using thermal analy-
sis methods. In our previous work, differences were
described between denaturation processes taking
place in gamma-irradiated and non-irradiated pro-
teins [2]. At present, DSC and thermogravimetry
(TG, DTG) were applied for investigation of the
gamma irradiation influence on thermal decom-
position of gamma and alpha globulins and the re-
sults were related to their structural modifications.

Two preparations of bovine globulins were
G5009 and G8512 products of Sigma. These con-
tain, respectively, Cohn fractions II, III (predomi-
nantly gamma globulins) and Cohn fraction IV-1
(predominantly alpha globulins). Irradiation were
carried out in a gamma cell Mineyola installed in
the Department of Radiation Chemistry and Tech-
nology, Institute of Nuclear Chemistry and Tech-
nology, using a dose rate of  ca. 0.45 Gy s–1. Irra-
diation of solid native proteins were performed at
depressed temperature (in dry CO2) with a dose
of 24 kGy. 50% water suspensions of both gamma
and alpha globulins placed in closed polymer cap-
sules were irradiated at ambient temperature with
doses of 2.5 and 24 kGy. Simultaneously, non-ir-
radiated reference samples were submitted to the
same treatment with water.

Thermal analysis was carried out at the Uni-
versity of Antwerp in an oxygen stream applying a
heating rate of 3oC/min. DSC measurements were
carried out in the temperature range from 120 to
670oC using a Perkin Elmer heat flow DSC-7 calo-
rimeter. Thermogravimetry was carried out using
a Mettler thermobalance. The measurements were
performed within 120-800oC. The borders between

the subsequent effect on differential curves (DTG)
were determined and treated as the borders be-
tween the subsequent steps of thermal decompo-
sition. Accordingly, the mass loss connected to the
particular steps of thermal decomposition was cal-
culated as the mass loss taking place within that
selected temperature range. The mass loss was ex-
pressed in terms of the mass obtained after pro-
teins dehydration (md).

Dehydration of proteins occur in the tempera-
ture range up to ca. 150oC. Several steps of ther-
mal decomposition are observed at higher tem-
peratures (Figs.1-3). Small amounts of non-volatile
residues were still present after heating up to the
temperature as high as 800oC. Three major tem-
perature ranges of decomposition might be distin-
guished on the basis of thermoanalytical and DSC
curves: the first till ca. 280oC, the second till ca.
520oC and the third till ca. 590oC. Two successive
processes occur, however, in the first temperature
range (marked IA and IB). Occurrence of two pro-
cesses is evident in the second temperature range
of decomposition of both gamma and alpha globu-
lins treated with water, in contrary to the native
proteins decomposition. It is shown by two exo-
thermal effects recorded in this range on DSC
curves (IIA, IIB) and two effects on DTG curves.
Two processes were observed also in the third tem-
perature range of alpha globulins decomposition
(IIIA and IIIB).

Irradiation influences the course of decompo-
sition of gamma and alpha globulins. Irradiation
of solid native proteins result in decreased tem-
perature of decomposition, especially decreased
temperature of the last stage (Fig.4). The effects
of irradiation performed for water suspensions

Fig.2. Comparison of DSC curves recorded within the range
of the first and the second decomposition stages for
the reference gamma globulins (subjected to water
treatment) and for the products irradiated with 2.5
and 24 kGy doses.

Fig.1. Comparison of DTG curves recorded for the refer-
ence gamma globulins (subjected to water treatment)
and for the products irradiated with 2.5 and 24 kGy
doses.
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were clearly more significant. The bigger exother-
mal effects were thus accompanied by the second
and the third stages of the irradiated samples de-
composition as compared to the reference ones,
while the smaler exothermal effects correspond to
the first decomposition stage (Figs.2 and 3). More-
over, participation of IB, IIB and IIIB effects be-
came more significant in DSC curves of the ir-
radiated products. Results of thermogravimetry
have shown that in the cases of irradiated prod-
ucts the mass loss was smaller in the first stage of
decomposition and bigger in the second and third
stages, in comparison to the reference samples. For
example, in the case of the reference gamma globu-
lins mass loss reach 59.98, 31.88 and 8.66% during
the first, second and third decomposition stages.
The appropriate values obtained for the sample
irradiated with 2.5 kGy dose were equal to 52.29,
34.64 and 12.05% and those found for the sample
irradiated with 24 kGy were equal to 40.00, 45.06
and 12.95%, respectively. Moreover, mass loss in
the IB stage was also larger in relation to that ob-
tained in IA stage in the cases of irradiated than
in the case of non-irradiated samples. Therefore,

the reference sample loses 50.65 and 9.33% of mass
during the IA and IB stages, respectively, while the
irradiated samples loses respectively 26.53 and
22.96% (irradiated with 2.5 kGy) and 19.75 and
20.25% (irradiated with 24 kGy). This was accom-
panied by the smaller DTG effect corresponding
to the first decomposition stage and the bigger one
corresponding to the second stage (Fig.1).

The results are related to the modification of
amino-acid composition and modification of pro-

teins tertiary structure. In particular, increase in the
temperature of particular processes taking place
during decomposition of the irradiated proteins
demonstrates the occurring crosslinking processes.
It is because that the first stage of decomposition
consist on the cleavage of polypeptide linkages and
shifts to the higher temperature in result of disul-
fide bridges formation [1]. On the contrary, de-
crease of decomposition temperature gives evi-
dence of degradation induced by gamma irradi-
ation performed for solid native proteins.

The relatively large differeces between decom-
position of the irradiated and non-irradiated
samples were detected by DSC and thermogravi-
metry already after irradiation of water suspensions
with a dose of 2.5 kGy (Figs.1-3).
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Fig.4. Comparison of DSC effects connected to the last fast
stage of decomposition of the irradiated native dry
globulins and the initial gamma globulins.

Fig.3. Comparison of DSC curves recorded for the refer-
ence alpha globulins (subjected to water treatment)
and for the products irradiated with 2.5 and 24 kGy
doses.


