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Abstract: To determine the absorbed doses of ionizing radiation of food, it is recommended to use the method of
electron paramagnetic resonance (EPR), but, at the same time, determination method improvement is necessary. The
objective of the study is improvement of the technique of sample preparation and analysis of the obtained results by
means of quantitative estimation of the absorbed doses of ionizing radiation on the basis of EPR spectrum
parameters, case study is irradiated meat and fish. Bone tissue samples (BTS) of meat and fish were subject to
irradiation processing with ionizing radiation in the following doses: 3, 9, 10, 12 kGy with UELR-10-10C2 linear
electron accelerator with energy up to 10 MeV. Study of the irradiated samples was performed with the automated
portable X-band EPR spectrometer of the brand Labrador Expert. The improved technique of preparation of bone
tissue samples for analysis differs with the increased duration of drying - up to 24 hours, which allows to obtain the
stable EPR spectra in multiple replications. Correlation dependence of EPR signal area increase and irradiation dose
is determined: for beef it is 0.98, for pork it is 0.98, for poultry it is 0.996 and for fish it is 0.99. Strong statistical
relationship between the irradiation dose and the absorbed dose is determined: for beef it is 0.94, for pork it is 0.94,
for poultry it is 0.96 and for fish it is 0.94. Processing of EPR spectra of meat and fish BTS by means of amplitude
calculation and EPR peak width and area allows to determine the absorbed dose with a high degree of confidence
(p < 0.05). For bone tissue of pork, beef, poultry and fish, irradiated with the dose of 12 kGy, amplitude is 4.8-10™,

5.08:10*, 1.11- 10 and 3.44-107 p.u., peak area is — 6.73- 10~, 6.94-10°, 3.68:10° and 3.07-10".

Keywords: Tonizing radiation, bone tissue samples, meat, fish, irradiation dose

DOl 10.21603/2308-4057-2017-2-162-169

Foods and Raw Materials, 2017, vol. 5, no. 2, pp. 162—-169.

INTRODUCTION

According to the Food and Agriculture
Organization of the United Nations (FAO), during the
entire supply chain from agricultural raw materials
processing and food production to retail outlets,
quantitative and qualitative losses of food are
significant, and their reduction is in priority for
enterprises of food and processing industry [1].

According to the data of 2016, in Russia cooled
products have a lead in the total amount of production:
beef has a percentage of 80.3% in the total amount of
production, pork - 94.2%, poultry has 64.1% and fish -
22.3%. The mentioned food products are perishable
[2, 3], and their losses during storage are 0.1-0.2% in
the total amount of production. In this regard,
improvement of traditional methods and development
of new ones of meat and fish preservation is a relevant
issue of scientific researches and practical
recommendations.

Herewith, processing with ionizing radiation of
agricultural raw materials and food may be one of the

most modern and promising methods of preservation.
The ionizing radiation sources are: Yy-emitting
radionuclides “°Co or "*’Cs, X-rays with radiation
energy of or below 5 MeV and electron beams with
radiation energy of or below 10 MeV.

The analysis of literature suggests that low doses
(0.25-0.5 kGy) of ionizing radiation inhibit the
growth of mesophilic aerobic, facultative aerobic
microorganisms, coliform bacteria, fungi and yeast
[4]; the dose of 3 kGy of meat and meat products
prolongs their shelf life to 14 days at a storage
temperature of 0-3°C; the dose of > 4.5 kGy reduces
microbiological content [5-7], but leads to formation
of radiolysis products, reduction of fatty acids and
thiamine (B;) concentration and pH displacement to
acid medium, which leads to excessive oxidation and
appearance of undesirable flavour in fish [8].

The most important advantages of food irradiation
processing over the traditional methods are significant
increase in their shelf life, as well as low energy and
money costs [9, 10].
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At the same time, there is no consensus among
scientists over the recommended doses of meat and fish
irradiation, as well as over justification for large-scale
use of irradiation processing of food products and food
raw materials.

Despite this fact, since 1992 more than 60 countries
allowed processing with ionizing radiation of meat and
fish with a maximum dose of absorbed radiation of
10 kGy - it is a safe dose, determined by the decision of
the joint Committee of Experts of FAO/International
Atomic Energy Agency (IAEA)/World Health
Organization (WHO). Irradiated food products are
identified by marking with the Radura symbol.

Scientists found that under irradiation free radicals
and radiotoxins may be formed in the meat bone
[11, 12]. To identify and establish the fact of irradiation
of food raw materials and food products, the method of
electron paramagnetic resonance is used, which allows
to establish only the fact of irradiation/non-irradiation
of meat and meat products, containing bone tissue, but
not the irradiation dose. In this regard, improvement of
the technique of sample preparation and analysis of the
obtained results for determination of the absorbed dose
is opportune and relevant. In practice the method of
electron paramagnetic resonance is used. The authors
of the sources [13, 14] state that the establishment of
the fact of irradiation with EPR-method is possible due
to the presence of long-lasting free radicals, especially
of the radical anions CO, , CO5>", SO, and SO; . The
authors of the source [15] used EPR for detection of
irradiation in the bones of agricultural animals and
poultry, fish and mollusc shell, and found that the EPR
signals are stable in mammal bones and mollusc shells.

Carrying out the research on irradiated seafood
and poultry in different ways (thermoluminescence,
radioluminescence and electron paramagnetic
resonance methods), the author of the source
[16] argues that these methods are comparable, but
the use of the EPR method is more effective for
solids.

The experimental studies, mentioned in the source
[15], show that in bone tissue of irradiated fish the
intensity of the radiation-induced EPR signal increases
at the absorbed dose, as well as non-linear relationship
between radiation dose and the height of the EPR
signal is determined. The same data were obtained by
the authors of this source.

EPR spectroscopy is as follows: under the influence
of ionizing radiation there is a chain reaction of
excitation of molecules with the appearance of highly
active free radicals, and the analytic signal appears -
EPR spectrum, which is recorded with spectrometer.

It is stated that the electron paramagnetic resonance
method allows to compare the spectra before and after
irradiation of poultry bone tissue samples. The
irradiated bone tissue sample has a pronounced
spectrum [17].

A number of researchers found that the intensity of
the EPR signal is maintained over time. The authors of
the source [18] note that the radiation-induced EPR
signal can be detected after 60 days. The authors of the
sources [10, 19] found that after 2 years since
irradiation, 44-75% of the bone tissue samples retain
the original EPR spectrum.

The objective of the study is improvement of the
technique of sample preparation and analysis of the
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obtained results by means of quantitative estimation of
the absorbed doses of ionizing radiation on the basis of
EPR spectrum parameters, case study is irradiated meat
and fish.

OBJECTS AND METHODS OF STUDY

Cooled (0- (+2)°C) samples are taken for irradiation
(primary sample):

— of beef and pork with a bone from the carcase
shoulder after 48 hours since slaughter, with a mass of
2 kg;

— of chicken meat with a bone with a mass of
1.4 kg;

— of fish (Cyprinus carpio) with a mass of 1.5 kg.

To determine the irradiation absorbed dose, fish and
meat samples were subject to irradiation processing
with the following doses: 3, 9, 10, 12 kGy in the Centre
of Radiation Sterilization of the Ural Federal
University named after the first President of Russia
B.N. Yeltsin with UELR-10-10C2 linear electron
accelerator (Russia) with energy up to 10 MeV,
designed for irradiation of food products and medical
instruments. The main characteristics of the electron
beam are indicated in Table 1. To control the dose after
irradiation, the method of photospectroscopy was used
by means of measuring optical density of the irradiated
polymer film on the spectrophotometer at a wavelength
of 512 nm.

We have improved the method of sample
preparation of bone tissue samples (BTS) to determine
the absorbed dose of ionizing radiation: fish tubular
bones and spine are cleaned from muscle tissue, the
middle part of the bone with a length of 3—10 cm is cut
out, and then they are fully cleaned with a scalpel from
the remnants of meat, tendons, membranes and bone
marrow. The bone is washed with distilled water and
dried with filter paper. Then it is dried in a dryer at a
temperature of 39-40°C during 24-30 hours until the
residual moisture of 3—4 %, cooled, incubated at a
room temperature during 30 40 minutes and crushed to
the size of separate fragments up to 0.5x0.5x0.5 mm
with a total mass of at least 0.05 g.

Table 1. Parameters of the beam of accelerated
electrons of UELR-10-10C2 linear electron accelerator

Parameter Characteristic

Maximum energy of accelerated
electrons, MeV

Maximum average current of
dumped electron beam, mA
Adjustment range of electron
energy, MeV

Frequency of electronic current
impulses sequence, 1/s
Maximum size of irradiation field
at a distance of 100 mm from
exhaust foil, mm

Uniformity of irradiation field
along the reamer length on the
surface of the irradiated cases, %
Frequency of electron beam
scanning, Hz

10

1

&-10

50-240

600%20

+5

1-3
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Table 2. Main technical characteristics of EPR
spectrometer

Technical characteristics Value
Sensitivity, spin/0.1 mT, up to 1x10"
Signal channel frequency of

: 9.2
microwave frequency, GHz
Maximum capacity

. 50
of microwave frequency, mW
Consta}nt magnetic field 0328 = 0.03
induction, T
Magnetic field modulation 212200
frequency, Hz
Maggetlc field modulation 4.8-0.001
amplitude, mT
Magnetic field absolute error,

0.05
mT, up to

The mentioned technique of BTS preparation for
research differs from the existing one with an increase
in drying duration up to 24-30 hours, which allows to
obtain more stable EPR spectra and, consequently, the
higher reliability of the results at a lower error of the
received data.

BTS are weighed in grams with an accuracy of the
third decimal digits and are placed in marked glass
phials. EPR spectrum is determined immediately after
the preparation of the samples under research.

The choice of the dosimetry system (equipment) for
determination of the absorbed dose is associated with the
fact that one of the most effective and practicable
methods of investigation and identification of radicals,
induced by radiation, is electron paramagnetic resonance
spectroscopy. Bone tissue density, structure and
composition are heterogeneous, the variations of the
absorbed dose differ on the surface, inside and in
different parts of the sample, therefore the use of
precisely the EPR method of the average sample allows
to obtain reliable and repeatable results. EPR
spectrometry was performed with the automated
portable X-band EPR spectrometer of the brand
Labrador Expert (Russia), which is the working
dosimeter.

The main technical characteristics
spectrometer are indicated in Table 2.

Quartz vessel with a height of 10.0 + 0.5 mm was
filled with BTS; then BTS were placed in the resonator
operating area at a set fixed depth. BTS irradiation was
performed at a temperature of 18-22°C indoors,
atmospheric pressure of 746-748 mm Hg and air
humidity of 45-59%. Studies were performed in ten-
fold replication at the irradiation frequency of
9200 MHz, in the range of magnetic field from 3000 to
3500 Gs with selection of optimum values of
conversion time, modulation amplitude and gain. To
normalize the signal-to-noise index, microwave
frequency capacity was set between 4 and 6 dBm.
Reference sample (high-stability reference) was used

of EPR
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for comparison of signals: the number of paramagnetic
centres (PC) on the basis of manganese oxide (with
concentration of paramagnetic centres of 5.9-10"
spin/MT). As control samples, BTS of non-irradiated
products were used, in which no EPR spectra were
fixed.

Measurement and processing of EPR spectra was
carried out using special computer programs to the
EPR spectrometer, which allowed to set the
parameters of the EPR spectrum for each sample of
bone tissue. EPR spectrum parameters were shown in
the automatic mode on the computer screen. The
following parameters of radiation signal were
determined: g-factor; amplitude; signal width and
area. The same parameters with the same units of
measurement are determined on the German
spectrometers Bruker, which allows to compare the
results of measurements.

In the experiment the value, used for assessment of
the degree of ionizing radiation impact on the BTS
under study (the value is assigned in radiation process),
was considered as radiation dose; energy of ionizing
radiation, absorbed by irradiated BTS (was determined
according to formula (1)), was considered as absorbed
dose.

Formula (1) was used for determination of the
absorbed dose of bone tissue samples.

D= [NPC -Ly,I(M - Ly)] 10715, (1)

where NPC is the number of paramagnetic centres,
which corresponds to the 3rd component of the EPR
spectrum of the reference sample; L, is the arithmetic
mean of the EPR signal intensity of the bone tissue
sample, p.u.; M is the mass of the bone tissue sample, g;
Ly, is the EPR signal intensity of the 3rd component of
the reference sample, p.u.

The research results are analysed with the method
of analysis of variance with the use of Student
coefficient.

RESULTS AND DISCUSSION

After irradiation of pork samples with the dose of
3 kGy (g-factor 2.0047 + 0.0002) in the field range of
3260-3285 Gs, peak amplitude is (3.06 + 0.03)-107
p-u., signal width is 11.66 £+ 0.63 Gs and peak area is
(5.75 £ 0.04)10* p.u. (p < 0.05); with the dose of
9 kGy (g-factor 2.0035+0.0001) at width signal
decrease up to 9.81 + 0.15 Gs or by 15.8%, there is
an increase in peak amplitude either up to
(2.15+0.032)-10* p.u. or 7.0-fold-increase, in signal
area there is an increase either up to (3.84 + 0.21)-107
p.u. or 6.7-fold-increase (p < 0,05); with the dose of
10 kGy (g-factor 2.0025 + 0.0001) signal amplitude
increased by 24.2% up to (2.67 + 0.02)-10* p.u. in
comparison with the pork samples, irradiated with the
dose of 9 kGy, and peak area increased by 11.1% up to
(4.27 £ 0.01)10° p.u.; peak width decrease by 9.8% up
to 8.85 + 0.02 Gs (p < 0.05) was indicated.
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Fig. 1. BTS spectrum (pork), irradiated with the dose
of 12 kGy (g-factor 2.0002 + 0.0001).

Pork samples irradiation with the dose of 12 kGy
(Fig. 1) led to amplitude increase by 79.8% up to
(4.8+0.01)-10* p.u. and peak area increase by 57.6%
up to (6.73 £0.29)-10° p.u. at signal width decrease
by 5.3% up to 8.38 £ 0.02 Gs (p < 0.05) in comparison
with pork, irradiated with the dose of 10 kGy.

Beef samples, irradiated with the dose of 3 kGy
(g-factor 2.0028 £0.0001) in the field range
of 3260-3300Gs, had peak amplitude of
(2.78£0.04)-10° pu.  and signal width of
10.51 £0.01 Gs. Peak area is (5.14 +0.05)-10™* p.u.
(p <£0.05).

After beef samples irradiation with the dose of
9 kGy (g-factor 2.0027 + 0.0001), there is a 8.1-fold-
increase in peak amplitude up to (2.24 + 0.03):10 p.u.
at width decrease by 18.7% up to 8.54 +0.18 Gs and
7.7-fold-increase of peak area up to (3.95 + 0.03):10”
p.u. (p <0.05).

Analysis of beef samples, irradiated with the dose of
10 kGy (g-factor 2.0027 + 0.0001), showed that at signal
amplitude increase by 22.3% up to (2.74 + 0.08)-10* p.u.
and width by 0.8% up to 8.47 + 0.08 Gs, signal area
increase is indicated by 8.9% up to (4.3 +0.01)-10° p.u.
(p<0.05) in comparison with the beef samples,
irradiated with the dose of 9 kGy.
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Fig. 2. BTS spectrum (beef), irradiated with the dose
of 12 kGy (g-factor 2.0026 + 0.0001).

Beef BTS irradiation with the dose of 12 kGy
(Fig. 2) leads to 1.9-fold-increase in EPR signal peak
amplitude up to (5.08 +0.01)-10* p.u. and peak area
increase by 61.4% up to (6.94+0.02)-10° p.u. at
signal width decrease by 1.8% up to (8.32 +0.12) Gs
(p £0.05) in comparison with beef, irradiated with the
dose of 10 kGy.

After poultry bone tissue samples irradiation with
the dose of 3 kGy (g-factor 2.0046 £+ 0.0001) in the
field range of 3260-3290 Gs, peak amplitude is
(1.67 £ 0.07)-10* p.u., signal width is 10.54 + 0.40
Gs and peak area is (4.30 £ 0.04)-107 p.u. (p < 0.05);
with the dose of 9 kGy (g-factor 2.0048 + 0.0001)
there is a change in EPR signals parameters in
comparison with the poultry bone tissue samples,
irradiated with the dose of 3 kGy: 5.9-fold-increase
in peak amplitude up to (9.92+0.01)-10° p.u. at
signal width increase by 14.9% up to 12.01 £ 0.03
Gs and 6.7-fold-increase in peak area up to
(2.88+0.11)-10° p.u. (p < 0.05); with the dose of 10
kGy (g-factor 2.0051+0.0001) signal peak
amplitude increases by 0.6% up to (9.98 £ 0.11)-10”
p.u. and peak area increases by 6.9% up to
(3.08 £0.01)-107 p.u. in comparison with the poultry
BTS, irradiated with the dose of 9 kGy; peak width
increase is indicated by 6.7% up to 12.09 + 0.05 Gs
(p £0.05).

Poultry BTS irradiation with the dose of 12 kGy
(Fig. 3) leads to 1.1-fold-increase in peak amplitude
up to (1.11 £ 0.01)-10* p.u. and peak area increase by
20% up to (3.68+0.04)10° p.u. at signal width
increase by 1.7% up to 12.29 £ 0.01 Gs (p <0.05) in
comparison with the poultry BTS, irradiated with the
dose of 10 kGy.

After fish samples irradiation with the dose of
3 kGy (g-factor 2.0047+0.0001) in the field range of
3260-3290 Gs, peak amplitude was (6.29 + 0.01)-10°
p-u., signal width was 9.81 + 0.02 Gs and peak areca
was (4.07 = 0.04)-10™ p.u. (p < 0.05).

Fish samples irradiation with the dose of 9 kGy
(g-factor 2.0032 + 0.0001) leads to change in EPR
spectrum parameters: 5.1-fold-increase in peak
amplitude is indicated up to (3.19 £ 0.01)-10° p.u., as
well as increase in width by 38.1% wup to
13.55 + 0.01 Gs and 6.26-fold-increase in peak area
up to (2.55 + 0.01)-10° p.u. (p < 0.05) in comparison
with the fish BTS, irradiated with the dose of 3 kGy.
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Fig. 3. Poultry BTS spectrum, irradiated with the dose of
12 kGy (g-factor 2.0029 + 0.0001)
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Fig. 4. Fish BTS spectrum, irradiated with the dose
of 12 kGy (g-factor 2.0047 = 0.0001).

As a result of irradiation of fish BTS with the dose
of 10 kGy (g-factor 2.0047 £+ 0.0001), peak amplitude
increase is indicated by 1.9% up to (3.25 = 0.01)-10”
p.u., as well as increase in signal width by 1.7% up to
13.78 + 0.01 Gs and in peak area by 2.7% up to
(2.62 = 0.01)-10° p.u. (p < 0.05) in comparison with
fish BTS, irradiated with the dose of 9 kGy.

Increase in all parameters is indicated in fish BTS,
irradiated with the dose of 12 kGy (Fig. 4) in
comparison with fish BTS, irradiated with the dose of

10 kGy: of peak amplitude by 5.8% up to
(3.44£0.07)-10° p.u., of signal width by 7.0% up to
L2
S
g
L o
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c
g 3 3 3
123, 4 4 —lf
I e W [
irradiation dose, kGy
O1l-pork @2-beef ©O3-poultry E4-fish

Fig. 5. EPR signals amplitude of pork, beef, poultry and
fish BTS, irradiated with different doses (3, 9, 10, 12 kGy).
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Fig. 7. EPR signals area of pork, beef, poultry and fish
BTS, irradiated with different doses (3, 9, 10, 12 kGy).

3320

14.74 +0.05 Gs, of peak area by 17.2% up to
(3.07 £0.01)-10° p.u. (p < 0.05).

The results of research of samples of bone tissue of
different animals, poultry and fish after processing with
ionizing radiation with different doses (3, 9, 10, and
12 kGy) showed different ability to absorb ionizing
radiation: cattle and pork bone tissue is the most
susceptible of absorption.

It is stated that the change in EPR signals
amplitude of bone tissue samples does not depend
linearly on irradiation dose (Fig. 5). EPR signals
width has a clear dependence on irradiation dose and
decreases with its increase in pork and beef BTS. EPR
signals width increases in poultry and fish BTS
(Fig. 6): a high degree is identified of correlation
dependence of EPR signals width change and
irradiation dose: for beef it is 0.97, for pork - 0.99, for
poultry - 0.98 and for fish - 0.99.

EPR signals area of pork and beef BTS increases
significantly with the increase in irradiation dose of
9 kGy. A high correlation degree is identified for all
samples: for beef and pork it is 0.98, for fish and poultry
- 0.99 and 0.996 respectively (Fig. 7).

At increase in the irradiation dose the absorbed dose
has a clear tendency towards an increase in all BTS (Fig.
8). For pork the multiple correlation coefficient
(absorbed dose-irradiation dose-signal area) is 0.98; for
beef - 0.99; for poultry - 0.94; for fish - 0.96.
Dependence of change in the absorbed dose and
irradiation dose, as well as signal area, for pork, beef,
poultry and fish BTS, is indicated in Figures 9-12.
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Fig. 6. EPR signals width of pork, beef, poultry and fish
BTS, irradiated with different doses (3, 9, 10, 12 kGy).
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Fig. 8. Absorbed dose of pork, beef, poultry and fish BTS,
irradiated with different doses (3, 9, 10, 12 kGy).
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Fig. 9. Dependence of change in the absorbed dose (Y) and irradiation dose (X, as well as signal area (X,) for pork
BTS (Y =-0.7877+0.24079X,+745.6338X,).
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Fig. 10. Dependence of change in the absorbed dose (Y) and irradiation dose (X), as well as signal area (X,) for beef
BTS (Y =-0.33131+40.152599X,+847.1903X3).
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Fig. 11. Dependence of change in the absorbed dose (Y) and irradiation dose (X;), as well as signal area (X,) for poultry
BTS (Y=-1.81791+0.222756X,+3551.512X5).
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Fig. 12. Dependence of change in the absorbed dose (Y) and irradiation dose (X, as well as signal area (X,) for fish

BTS (Y =-13.7797+0.121923X,+105588.3X,).

As a result of the conducted researches it is stated
that at increase in irradiation dose of pork BTS from
3 kGy to 12 kGy, there is a 15.7-fold-increase in
amplitude and 11.7-fold-increase in area, EPR signal
width reduces up to 28.1% (p < 0.05); in beef BTS the
parameters change in the following way: amplitude
increases 18.3 times, area - 13.5 times, peak width by
20.8% (p<0.05). In poultry BTS there was an increase
in all EPR signal parameters: amplitude increases
6.7 times, area - 8.6 times, peak width by 16.7%
(p < 0.05). Similarly there was a change in fish BTS
parameters: respectively amplitude increased 5.5 times,
peak area - 7.5 times, peak width by 50.3% (p < 0.05).

Experiments showed that despite processing bone
tissue samples with identical doses of ionizing
radiation, the absorbed dose depends on the type of
vertebrates, the tissue structure of the sample, water-
holding capacity and on other factors. Pork and beef
samples most reacted to the change in irradiation dose
by all studied parameters. Thus, at increase in
irradiation dose amplitude increases, peak width
decreases and, consequently, area increases.

Stable correlation dependence of EPR signal area
and irradiation dose is fixed: for beef and pork it is
0.99, for poultry and fish - 0.996 and 0.99 respectively
(the strength degree of statistical relationship according
to Cheddock is very high). The absorbed dose at
increase in irradiation dose increases substantially,
which is proved by the area under the EPR spectrum
signal line. Correlation coefficient by the absorbed
dose is high. It is: 0.94 for beef, pork and fish and 0.96
for poultry.

As a result of the conducted research, the technique
of sample preparation is improved, which differs with
the increase in duration of bone tissue samples drying
up to 24 hours, which allows to obtain the stable EPR
spectra in multiple replications. The technique is
offered of processing of the obtained results of the
irradiated meat and fish EPR spectrum, which allows
to determine the absorbed dose of ionizing radiation
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(permissible variation of signal amplitude, width and
area at the level of + 4% at D>1):

— for pork bone tissue, irradiated with the dose of
3 kGy, amplitude is 3.06:10” p.u., width is 11.66 Gs,
peak area is 5.75-10* p.u.; at the dose of 9 kGy
amplitude is 2.15-10 p.u., width is 9.81 Gs, peak area
is 3.84:10” p.u.; at the dose of 10 kGy amplitude is
2.67-10* p.u., width is 8.85 Gs, peak area is 4.27-107
p.u.; at the dose of 12 kGy amplitude is 4.8:10* p.u.,
width is 8.38 Gs, peak area is 6.73:10 p.u.;

— for beef bone tissue, irradiated with the dose of
3 kGy, amplitude is 2.78:107° p.u., width is 10.51 Gs,
peak area is 5.14:10* p.u.; at the dose of 9 kGy
amplitude is 2.24-10* p.u., width is 8.54 Gs, peak area
is 3.95-10° p.u.; at the dose of 10 kGy amplitude is
2.74-10* p.u., width is 8.47 Gs, peak area is 4.3:107
p.u.; at the dose of 12 kGy amplitude is 5.08:10 p.u.,
width is 8.32 Gs, peak area is 6.94:10° p.u.;

— for poultry bone tissue, irradiated with the dose of 3
kGy, amplitude is 1.67-10° p.u., width is 10.54 Gs,
peak area is 4.3:10* p.u.; at the dose of 9 kGy
amplitude is 9.92:107 p.u., width is 12.01 Gs, peak area
is 2.88:107 p.u.; at the dose of 10 kGy amplitude is
9.98:107 p.u., width is 12.09 Gs, peak area is 3.08:107
p.u.; at the dose of 12 kGy amplitude is 1.11-10™ p.u.,
width is 12.29 Gs, peak area is 3.68-10° p.u.;

— for fish bone tissue, irradiated with the dose of 3 kGy,
amplitude is 6.29-10° p.u., width is 9.81 Gs, peak area
is 4.07-10* p.u.; at the dose of 9 kGy amplitude is
3.19-107 p.u., width is 13.55 Gs, peak area is 2.55-107
p.u.; at the dose of 10 kGy amplitude is 3.25:10° p.u.,
width is 13.78 Gs, peak area is 2.62:107 p.u.; at the
dose of 12 kGy amplitude is 3.44-10” p.u., width is
14.74 Gs, peak area is 3.07-10° p.u.

The obtained results have an important significance
for arrangement of the regulatory system in the
framework of updating the requirements of the
European and International standards for safety and
quality assurance of food.
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