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mixtures of spices, herbs or seasonings is the shape
of the glow 1 curve of silicate minerals with a TL
maximum within the temperature range 235 ±23oC.

The value of the kTL of the separated mineral
fraction is a measure of the content of irradiated
component in multicomponent product.

The present work has been done in the frames
of the research project No. 6 PO 6T 026 21 financed
by the Polish State Committee for Scientific Re-
search (KBN).
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in Table 2. The adapted temperature range meets
the requirement of PN-EN 1788:2002. The kTL is
defined as the ratio of integrated TL intensities of
glow 1 to glow 2, evaluated over the adapted tem-
perature range. The glow 1 curves of silicate min-
erals isolated from the samples are shown in Figs.1
and 2.

The silicate minerals are natural contaminants
of spices, herbs and seasonings. They are mainly
composed of quartz and feldspar, as proved in
earlier works [6-8]. The specific TL of these min-
erals has its source in the action of earth radioiso-
topes and cosmic radiation, while the correspond-
ing glow curves have their maxima in the range over
300oC. The presence of irradiated material in the
sample influences significantly both TL intensity
and the shape of the glow curves of isolated min-
erals. The content of irradiated components in
mineral fraction depends on the content of irradi-
ated paprika in the samples, as seen in Table 2.
The glow 1 curves of minerals isolated from the
mixtures which contain irradiated paprika are
characterised by the TL maximum within the tem-
perature range 235 ±23oC, as shown in Figs.1 and
2. The value of the kTL depends significantly on
the content of irradiated paprika in the sample. If
this content equals to 0.3% or less (0.05%), kTL
becomes much lower than 0.1 while for the con-
tents of irradiated paprika on the level 5.0 and
1.0%, TL glow ratios become higher than 0.1.

The method of the TL measurement on silicate
minerals can be successfully used for the detection
of irradiation in individual component of multi-
component mixtures of spices, herbs and season-
ings.

The criterion decisive for the confirmation of
the irradiated component in a multicomponent

Little is known until now about the processes tak-
ing place during heating of dried preparations of
biopolymers and the resulting products. Our pre-
vious studies carried out by applying thermal analy-
sis methods have shown the differences between
thermal decomposition occurring in non-irradiated
and gamma-irradiated proteins [1] as well as the
differences between thermal decomposition, glass
transition, melting and crystallisation behaviour of
artificial polymers submitted to heavy ion irradia-
tion.

At present, studies were carried out dealing with
the course of the processes taking place during heat-
ing of the dried starch preparations in the tempera-
ture range from ambient till 1000oC. The studies
were carried out applying thermogravimetry (TGA
– thermogravimetric analysis, DTGA – differen-
tial thermogravimetric analysis), differential ther-
mal analysis (DTA), differential scanning calorim-

etry (DSC) and Fourier Transform Infrared Spec-
troscopy (FTIR). The influence of irradiation on
the processes of dehydration, glass transition and
thermal decompositions was examined.

Several preparations of potato starch  were ex-
tracted in laboratory applying various conditions.
Amylose (A-0512)  and amylopectin (A-8515) were
Sigma products. The native dried preparations as
well as water suspensions were irradiated with 60Co
radiation applying various conditions (dose, dose
rate). The water suspensions were afterwards dried
in vacuum at room temperature. Doses as high as
9, 18, 20, 36 and 440 kGy were used. Irradiations
were carried out in a gamma cell “Issledovatel” in
the Department of Radiation Chemistry, Institute
of Nuclear Chemistry and Technology. The results
obtained for the irradiated samples were compared
to those obtained for the reference samples, sub-
mitted to the same treatment, apart to irradiation.
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and 2800-3000 nm, respectively) are noticed. At
250oC the intensive bands at ca. 1708 and 1620 nm
have appeared. Simultaneously, the intensity of the
band at 1043 nm, increases and during further heat-
ing till 400oC the intensities of the bands at 1135
and 1176 nm increase. It might be concluded, on
the basis of the presented data, that some carbonyl
groups issued from the rearrangement of the starch
chain and that the further thermal treatment leads
to a progressive aromatisation of the residue be-
tween 250-400oC [3]. Residue contains a meaning-
ful amount of OH groups till 400oC.

Dehydration of the irradiated samples seems to
occur in a more narrow range of slightly lower tem-
perature than those of the non-irradiated ones. Dif-
ferences may be concluded between thermal decom-
position processes occurring in the non-irradiated
and the irradiated starch on the basis of TGA and
DTGA curves. The first stage of thermal decompo-
sition occur after irradiation at lower temperature,
while the second and the third stages seems to be
inhibited. More material decomposes also during
this first stage. The differences were noticed between
the influence of the irradiation carried out for dry
native starch and starch water suspensions. It results
in the more evident separation of effects on the
DTGA curves, corresponding to the first and the
second stages of thermal decomposition after irra-

TGA, DTGA and DSC measurements were
carried out using during heating with a rate of
3oC/min in an oxygen and nitrogen stream. The
Mettler thermoanalyser and Perkin-Elmer differ-
ential scanning calorimeters were used. FTIR spec-
troscopy was performed at elevated temperature
in a nitrogen stream. These instruments are installed
in the University of Antwerp, Belgium. Simulta-
neous TGA, DTGA and DTA measurements were
performed in a nitrogen stream applying a Derywato-
graph Q1500D by MOM, Hungary.

During heating of potato starch on thermobalance,
the mass loss of ca. 16% connected to starch dehy-
dration was observed in the temperature range
from ambient to ca. 130oC. Several stages of ther-
mal decomposition (as concluded on the basis of
TG and DTG curves) occur at higher temperature
(Fig.1). Three principal stages of decomposition
were recorded in the temperature range from ca.
220oC till ca. 500oC during heating of starch in oxy-
gen. When heated in nitrogen, the process, how-
ever, was not finished even at a temperature as high
as 1000oC. Two stages decomposition occur during
heating of the pure amylose and pure amylopectin
preparations.

Two exothermal effects with maxima at ca. 302oC
and at ca. 465oC were observed by DSC in the range
up to 500oC during heating in oxygen. These decom-
position effects are preceded by a two step increase
in heat capacity (Fig.2, detail a). It can be deduced
that the increase in heat capacity is caused by glass
transition expected for starch in this temperature
range [2]. The conclusion was confirmed at present
by simultaneous TGA, DTGA and DTA.

FTIR spectra (Fig.3) show on decrease, during
heating, of the intensity of the bands correspond-
ing to the absorbed water at ca. 1650 nm. Absorbed
water disappeared at ca. 130oC. The changes in
appearance and intensity of the bands correspond-
ing to the O-H and C-H elongation (at 3000-3600

Fig.1. The examples of TGA and DTGA curves recorded
for potato starch during heating in oxygen for the ref-
erence non-irradiated starch (curves 1, 3) and the solid
native sample irradiated with a 20 kGy dose (curves
2, 4). Peak temperature of the first and the second
effects recorded on DTGA curves are determined at
287.4 and 305oC in the case of the reference samples
and at 280.2 and 296.4oC and the 20 kGy irradiated,
respectively. The maximum of the third effect on
DTGA was recorded for both samples at ca. 450oC.

Fig.2. Comparison of DSC curves recorded during heating
in oxygen for the initial potato starch irradiated with
a 20 kGy dose.

Fig.3. Comparison of FTIR spectra (Kubelka-Munk trans-
formation) recorded for the selected starch sample
at 20, 210, 280 and 400oC.
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diation of solid dried starch, in comparison to those
occurring in the non-irradiated samples. In contrary,
the occurrence of those two stages was less evident
after irradiation carried out in water suspensions.

No special differences can be observed by DSC
in the course of thermal decomposition up to 500oC.
Glass transition of the irradiated samples, however,
occurs at a lower temperature than glass transition
of the appropriate reference non-irradiated samples
(Fig.2), due to decreased chain length after irra-
diation. For example, glass transition temperature
was determined (in nitrogen) at 228.5 and 225.0oC
for the initial starch and for that irradiated with
20 kGy, respectively.

Edible packaging based on proteins, polysaccharides,
lipids or their combination serves as a barrier for
water, oxygen and lipid transfer in food system.
Using the edible films and coating meets the in-
creased consumer demand for both higher quality
and longer shelf-life foods and the necessity for
environmental protection. Moreover, the cost of
raw material is low. Therefore, during the last years
the interest increases in improvement of the prop-
erties of such packaging by using the modified com-
position or applying various chemical and physi-
cal treatment. Gamma irradiation was found to be
an effective method for improvement of both bar-
rier and mechanical properties of the films and
coatings based on calcium and sodium caseinates
alone or combined with some globular proteins [1, 2].
It is in regard to the radiation induced crosslinking.

At present, the studies were carried out dealing
with influence of gamma irradiation on the prop-
erties of the films containing calcium caseinate,
whey protein isolate and glycerol (1:1:1). Moreover,
the influence was tested of the addition of three
polysaccharides to films composition (at a ratio of
polysaccharide to total protein amount equal to
0.05:1) [3].

Calcium caseinate (New Zealand Milk Product
Inc.), whey protein isolate (by BiPro Davisco) and
chemical grade glycerol were used. Sodium algi-
nate, potato starch (insoluble) and potato soluble
starch were all Sigma products. The 7.5% solutions
containing calcium caseinate were irradiated with
gamma rays from 60Co in Canadian Irradiation
Centre, applying doses of 0, 8, 16, 32 kGy at a dose
rate of 7 Gy s-1. The solutions were dissolved to 5%,
heated at 90oC during 30 min and then the films
were prepared. Pre-gelatinised polysaccharides were
added to the film forming solutions (non-irradi-
ated and irradiated with a 32 kGy dose) before
thermal treatment. Sodium alginate was added,
however, to the solution before or after irradia-
tion in purpose to test whether the change in prepa-

ration method will influence properties of the re-
sulting films.

The films were kept after peeling for 48 h at 56%
humidity at ambient temperature. Water vapour
permeability (WVP) tests were conducted using a
modified ASTM procedure [2] at a temperature of
30oC and relative humidity of 56%. Mechanical tests
[2] (tensile strength, deformation, viscoelasticity)
were carried out using a Stevens LFRA Texture
Analyser Model TA/100 (USA). Analysis of vari-
ance and Duncan multiple-range tests with p 0.05
(applying the SAS statistical package) were used to
analyse the results statistically. The Student-t test was
used and paired-comparison. Differences between
means were considered significant when p 0.05.

Improvement of the film strength results from
irradiation. The results obtained for composition
of calcium caseinate-whey protein isolate-glycerol
(1:1:1) are shown in the Table. The values of tensile
strength are significantly (p 0.05) higher in the case
of the irradiated films than in the case of the ref-
erence ones and higher when the irradiation dose
is higher. Simultaneously, water vapour permeabil-
ity decreases when the irradiation dose increases.
It is accompanied by creation of the more rigid films,
as shown by the lower values of deformation as
well as of higher values of the viscoelasticity factor.

Addition of potato starch and sodium alginate
induces diminution in films elasticity. For example,
viscoelasticity coefficients were equal to 0.555 and
0.553 for the non-irradiated films containing potato
starch and sodium alginate, respectively, as com-
pared to 0.524 found for these containing proteins
alone.

Addition of insoluble potato starch to the film
forming solution do not influence in a really es-
sential way tensile strength of the resulting films
(although p 0.05 for both non-irradiated and ir-
radiated films). It causes, however, improvement
of the barrier properties, showed by a significantly
lower value of WVP. It might be also concluded
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