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The concentration of irradiated components in
the samples of meat was 0.1, 0.3, 0.5 and 1.0%, re-
spectively. In parallel, the samples which contained
0.1% of non-irradiated spices were also prepared.

In order to isolate silicate minerals from the
samples, the hydrolysis with 6 mol/l of aqueous HCl
solution was applied. The sample (forcemeat ball)
was placed in a round button beaker, treated with
HCl solution and heated at 50oC ±5oC in a water
bath during 3 hours. Then the pulp was diluted with
re-distilled water and filtered through nylon sieves
125 mesh. From the filtrate, the mineral fraction
was separated by sedimentation technique. In or-
der to separate the silicate minerals, the procedure
given in the PN-EN 1788 standard and in our ear-
lier publications was applied [4,5].

The TL of silicate minerals was measured with
the use of a TL reader (model TL/OSL; Risø Na-
tional Laboratory, Denmark). The measuring con-
ditions were similar to those routinely used in the
Laboratory [4,5]. After Glow 1 curve has been re-
corded, the minerals were irradiated with a nor-
malised dose of 1 kGy in the gamma source. Sub-
sequently, Glow 2 curve was registered.

For the evaluation of samples whether irradi-
ated or not, a criterion given in PN-EN 1788 stan-

dard was adapted. The shapes of both Glow 1 and
Glow 2 TL curves were analysed, while the inte-
grated glow ratio was calculated within the tem-
perature range 214-284oC. The TL maximum be-

Detection of admixtures in irradiated spices and
herbs to reprocessed meat products is today a cru-
cial analytical problem in view of European Union
(EU) regulations defined in Directive 1999/2/EC
[1] and in the decree issued by the Polish Ministry
of Health on 15th January 2003 [2], respectively.
Both documents refer to food and food ingredients
treated with ionising radiation which must be la-
belled, while only herbs, spices and seasonings are
allowed to be present in EU food market. Our pro-
posal is to apply a method based on the thermolu-
minescence (TL) measurements of silicate miner-
als separated from foodstuff. The method is stan-
dardised to food products which contain silicate
minerals but refers rather to food articles irradi-
ated in the bulk (PN-EN 1788) [3]. Model samples
of meat products with a known content of irradi-
ated spices have been prepared in the Laboratory
for Detection of Irradiated Foods (Institute of Nuc-
lear Chemistry and Technology – INCT). Hundred
grams of ground mixed (pork and beef) meat was
taken to form forcemeat balls with an admixture
of spices. The irradiated spices were: powdered sharp
paprika exposed to 7 kGy of gamma rays in a 60Co
source “Issledovatel” of the Department of Radia-
tion Chemistry and Technology (INCT) and pow-

dered black pepper exposed to 6 kGy of 7 MeV elec-
tron beam generated in the linear electron accele-
rator “Elektronika 10-10” installed in the Experi-
mental Plant for Food Irradiation (INCT).

Table 1. TL intensities (Glow 1 and Glow 2) integrated over the temperature range 214-284oC and TL glow ratio of
silicate minerals isolated from control samples of minced meat enriched with 0.1% of non-irradiated pepper,
and at different concentrations of pepper irradiated with 6 kGy by electron beam.
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tween 150 and 250oC is a proof of irradiation. The
TL maximum recorded over 300oC originates from
natural luminescence. Glow 1/Glow 2 ratio higher
than 0.1 proves a typical radiation treatment of a
sample. In the case when glow ratio is lower than

0.1 while the shape of Glow 1 curve is typical of an
irradiated sample (maximum between 150 and
250oC) the decisive is the shape proving that the
sample was irradiated.

In Tables 1, 2 and in Fig.1, the results of the TL
analysis of minerals separated from model samples
were comprehended. It has been proven that the
concentration of irradiated paprika and pepper
powders in meat at a level of 0.1% and higher are
detectable by the TL method. The shapes of the

Glow 1 curves have the maxima between 150 and
250oC, while the respective glow ratios were always
higher than 0.1 despite the dose applied and the
irradiation source used. The results document and
show conclusively that the TL method could be suc-

cessfully used for the detection of irradiated ad-
mixtures (spices and herbs) to meat products.
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Fig.1. TL Glow 1 curves of silicate minerals isolated from the samples of minced meat containing: (A) different concen-
trations of pepper irradiated with a dose of 6 kGy of electron beam radiation and (B) different concentrations of
paprika irradiated with a dose of 7 kGy of gamma radiation.

Table 2. TL intensities (Glow 1 and Glow 2) integrated over the temperature range 214-284oC and TL glow ratio of
silicate minerals isolated from control samples of minced meat enriched with 0.1% of non-irradiated paprika
and at different concentrations of paprika irradiated with 7 kGy of gamma rays.
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strength measurements were realised according to
the procedure described in [2,4]. The films were
prepared and examined according to the proce-
dures described in [1] and [4]. In particular, water
vapour permeability (WVP) and puncture strength
were determined.

FTIR (Fourier transform infrared spectroscopy)
measurements were done using a Perkin-Elmer
spectrophotometer in conditions described in [3].
TEM (transmission electron microscopy) studies
were carried out using a Hitachi 7100 transmission
electron microscope. A Stevens LFRA Texture
Analyser Model TA/100 was applied for mechani-
cal measurements of gels and films. The SAS sta-
tistical package was applied to analyse statistically
the results dealing with gel fracture strength and
functional properties of the films [1,4]. Differences
between means were considered significant when
p<_0.05.

The irradiation increased capability to connect
calcium ions by mixed calcium caseinate-WPI sys-
tem results due to the increase in β-structure con-
tent and to its further ordering [3], accompanied
by a decrease in the content of aperiodic phase
and turns rather than α-helices. It is connected to
the fact that calcium binding leading to gel forma-
tion is more possible in the cases when the more
strongly crosslinked β-sheets and β-strand are
present.

Gels formed after addition of calcium salt to the
non-irradiated calcium caseinate are soft (Table 1)
in regard to the small content of β-structure in these
proteins resulting after heating. On the contrary,
large strength of gels formed using the non-irra-
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lub innych składników żywności, które mogą być pod-
dane działaniu promieniowania jonizującego, ich wy-
kazów, maksymalnych dawek napromieniowania oraz
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Our work concerns the current problem of the ed-
ible packaging materials and methods for improve-
ment of their functional properties using modified
composition and gamma irradiation [1-4]. Our pre-
vious results dealing with the films prepared using
non-irradiated and irradiated solutions of calcium
caseinate-whey protein isolate (WPI)-glycerol (1:1:1)
have shown that improvement of the films prop-
erties after irradiation corresponds to the changes
in protein conformation. Reorganisation of aperi-
odic helical phase and β-sheets, in particular the
increase in  β-strands content [3] was discovered
after irradiation. It was also found that addition of
polysaccharides (at the level of 10% of total pro-
tein mass) led to an essential modification of films
properties [4].

The present studies were directed to the inter-
action between calcium caseinate and WPI taking
place in a mixed calcium caseinate-WPI-glycerol
system. For this purpose, the properties of gels form-
ed in the presence of calcium salt using a mixed com-
position were examined and related to the proper-
ties of gels prepared using separately calcium ca-
seinate and WPI. Modification resulting in this com-
position after irradiation were related to the struc-
tural changes occurring in calcium caseinate-gly-
cerol and in WPI-glycerol compositions. Moreover,
the studies were carried out concerning the influ-
ence of polysachaccharide addition on the proper-
ties of gels formed using non-irradiated and irra-
diated proteins. The following polysaccharides were
selected for this purpose: potato starch, soluble po-
tato starch and sodium alginate. Structural prop-
erties of proteins and interactions with polysaccha-
rides in gels were related to the functional properties
and microstructure of the films resulting as the fi-
nal product.

Calcium caseinate (New Zealand Milk Prod-
uct Inc.) and WPI (BiPro Davisco) and chemical
grade glycerol were used. Potato starch, soluble
potato starch and sodium alginate were all Sigma
products. Irradiation of solutions was carried out
with gamma rays from Co-60 applying a dose of
32 kGy at a dose rate of 7 Gys–1. The control non-ir-
radiated solutions, were also prepared. Gel forma-
tion in calcium salt solutions and gel fracture
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1) calcium caseinate.

Table 1. Strength of gels formed after addition of calcium
salt to the non-irradiated and irradiated proteins
compositions. Means followed by different letters
are significantly different.


