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Abstract—The irradiation of minced chilled trout using a UELR-1-25-T-001 continuous-action electron
accelerator with an energy of 1 MeV has been studied. Here, we present the results of the effect of electrons at
doses 0f 0.24, 0.48, 0.96, 2.8, and 5.6 kGy on the viability of microorganisms in the minced trout. It has been
experimentally shown that electron irradiation generated by the accelerator at doses of 0.24 to 5.6 kGy
decreases microbial abundance in minced trout, in comparison with untreated samples, 15 days after irradi-
ation, and makes it possible to control the microbial contamination of chilled fish products within 2 weeks

after irradiation.
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INTRODUCTION

Extending the storage life of food products while
preserving their quality is a crucial task. The solution
to this problem will increase domestic production and
reduce import demand. Food additives and preserva-
tives, fumigants, and other chemicals are traditionally
used to extend the shelf life of products. However,
these chemicals are potentially dangerous for human
health, and the global trends are toward the prevention
of their use. At present, treating food products with
ionizing radiation is one of the most efficient and
environmentally friendly technologies used to guaran-
tee the safety of food products and to extend their stor-
age life. According to IAEA, the use of irradiation for
more than 80 types of products has been approved in
69 countries. More than 200 centers specialized in the
industrial treatment of certain categories of food prod-
ucts and agricultural raw materials have been created
[1]. Annually, the average total volume of irradiated
food products is 400000 t, and the demand for this ser-
vice keeps growing every year [2—4]. Compared to
other methods of treatment, this technology makes it
possible to replace or dramatically reduce the use of
food preservatives and prevents an increase in the tem-
perature of the processed product; it is also less energy
consuming when compared to other methods [5]. Its
introduction into the general technological process of
food production is widely used throughout the world
[3, 6-8].

Electron irradiation with an energy of <10 MeV and
gamma irradiation of ®°Co (7, = 5.27 years; E =
1.25 MeV) and ¥Cs (T, = 30.17 years, E = 0.66 MeV)
radioisotopes, as well as bremsstrahlung irradiation

generated by electron accelerators with an energy of
<5 MeV, are approved physical effects of the irradia-
tion treatment of food products [9]. According to
IAEA, the total number of gamma radiation sources
and electron accelerators used for the irradiation treat-
ment of food products is approximately 2000 units [3].
The selection of upper energy limits for electron and
gamma radiation is explained by the requirements to
exclude the formation of radionuclides of induced
activity, which are generated in photonuclear reac-
tions, in food products [6]. At the same time, numer-
ous studies have shown that hazardous concentrations
of radiolysis products are not formed in food products
at radiation doses below 10 kGy, which are recom-
mended by international and domestic regulatory doc-
uments [6].

An analysis of scientific studies has shown that the
effect of exposure to any sources of ionizing radiation
listed above is generally stable and prolonged for spices
and dried vegetables and fruit. At the same time, the
result of irradiation treatment of fish and meat
(including poultry) depends on various factors, such
as storage temperature, initial composition of micro-
flora, total microbial abundance, pH, chemical com-
position, type of packaging, the presence of prelimi-
nary heat treatment, food preservatives and additives,
bones, and others [8, 13—15].

Much attention is paid to changes in the chemical
composition of products during long-term storage
after exposure to ionizing radiation and, as a result, to
changes in its organoleptic characteristics [13, 17, 18].
The effect of electron radiation at doses of 1-3 kGy
does not lead to significant changes in chemical
parameters of the products (in the pH value, in partic-
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ular) immediately after treatment. However, during
storage, these characteristics significantly change in
comparison with the control indicators, which greatly
affects the organoleptic properties of the products.

Studies on the survival of various bacterial species
in meat and fish products depending on the doses and
types of ionizing radiation are carried out [18—21].
Doses that cause a pronounced decrease in the abun-
dance of bacterial populations in physiological saline
are significantly different from those for bacteria pres-
ent in the products [20]. Different strains of the same
bacterial species differ in radiosensitivity when they
enter the culture medium [19].

Everlasting scientific interest in the effects of vari-
ous doses of ionizing radiation on the microbiological,
physicochemical, and organoleptic properties of food
products and the search for optimal parameters for the
irradiation treatment of various types of products indi-
cate the current importance of the research in this
field. This is also confirmed by the adoption of techni-
cal regulations and GOST Russian National Stan-
dards for irradiation treatment of food products, as
well as the creation of new innovative centers for irra-
diation treatment in Russia.

This research was devoted to the study of the effect
of different doses of accelerated electrons with an
energy of 1 MeV on the microbiological parameters of
chilled trout.

MATERIALS AND METHODS

Chilled coastal rainbow trout was the object of this
study. Physiological saline was added to the minced
trout in a ratio of 1 : 3 and homogenized until a homo-
geneous suspension was obtained. The homogenate of
minced trout (0.5 mL) was added to 2-mL sterile
Eppendorf plastic tubes.

The samples were irradiated using a UELR-1-25-
T-001 electron accelerator of continuous action with
an energy of 1 MeV and an average beam power of
25 kKW. The samples of the homogenate were placed on
a duralumin plate at a distance of 12 cm from the out-
put of the electron beam. During each irradiation, the
charge incident upon the plate and the irradiation time
were recorded. The electron beam flow remained con-
stant in all experiments. The thickness of the minced
fish was (2 = 1) mm.

The dose absorbed by the test samples was assessed
by the ferrous sulfate dosimetry method. The dosime-
ter solution was irradiated according to the scheme,
which was similar to the irradiation of the samples of
the homogenate of minced trout. The density of the
minced fish homogenate was similar to the density of
the dosimeter solution: (0.994 + 0.05) and (1.024 +
0.05) g/cm?, respectively. Thus, the dose measured
using a dosimeter solution was the same as the dose
absorbed by the homogenate, when the volumes of the
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solution and the homogenate, as well as the irradiation
conditions, were equal.

Therefore, the dose rate absorbed by the dosimeter
solution, which was irradiated using the electron
accelerator, was (25 * 2) Gy/s, while the doses
absorbed by the experimental samples of the minced
fish were 0.24, 0.48, 0.96, 2.8, and 5.6 kGy.

The evenness of the irradiation was assessed using
the GEANT 4 program code based on the Monte
Carlo method. During the simulation, the initial spec-
trum of electron radiation at the accelerator output
was taken into account; the number of electrons in the
beam was 103. The simulated irradiation area was
equated to the area of the duralumin plate on which
the samples were placed. The geometric dimensions of
the plate, which was a rectangular parallelepiped in
shape, were also measured and were equal to 35.0 %
3.0 X 0.8 cm. The density of the suspension of trout
minced homogenate (0.994 + 0.04) g/cm? was close to
the density of water; water phantoms of the corre-
sponding dimensions were therefore used as model
samples. The characteristics of the tubes were taken
into account (a polypropylene cylinder with a radius of
4.5 mm, length of 39 mm, and a wall thickness of
1 mm). The volume of water in the test tube was
0.5 cm?, and the maximum thickness of the water layer
was 2 mm. The program code included modeling all
possible processes of interactions of electrons with the
matter, the error in the determination of which did not
exceed 2%. Based on the results of computer simula-
tion, the range of electrons with an energy of 1 MeV in
water was less than 5 mm. The evenness of the dose
absorbed by the aqueous phantom (as thick as 2 mm)
was 96%.

After irradiation treatment, the microbiological
parameters of the irradiated and control samples,
which were stored at 4°C for 15 days, were monitored
every 3 days.

RESULTS AND DISCUSSION

Initially, the total number of viable bacteria in
chilled trout was (6.6 = 1.8) x 103> CFU/g. Figure 1
shows the dependence of the total abundance of viable
cells in the samples irradiated with different doses of
electrons on the time after irradiation. At the same
time, the dynamics of changes in microbial contami-
nation of the control unirradiated samples within
15 days from the beginning of experiments was also
studied. According to Fig. 1, the kinetics of the
changes in the cell numbers over time is nonmono-
tonic in all samples.

Fifteen days after the beginning of the study, the
microbial abundance in the control samples increased

to (2 £0.2) x 108 CFU/g. The microbial contamina-
tion of minced fish treated with electron irradiation
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Fig. 1. Dependence of the total abundance of viable cells in the samples irradiated with accelerated electrons at doses of 0, 0.24,
0.48, 0.96, 2.8, and 5.6 kGy on the time of storage after irradiation.

(at all doses) did not exceed (4 + 0.7) x 10° CFU/g
during the entire observation period.

The dependence of the number of viable cells in the
samples irradiated at doses 0f 0.24, 0.48, and 0.96 kGy
on time was similar. On day 15, their microbiological
indices decreased to 10° CFU/g and less, which corre-
sponded to the maximum permissible level of micro-
bial contamination of fish products.

Fifteen days after irradiation, the microbial abun-
dance in the samples irradiated at doses of 2.8 and
5.6 kGy ranged within approximately 10°—10° CFU /g.

It is noteworthy that a morphological analysis of
the colonies plated from control samples showed their
species diversity throughout the entire period of the
product storage at 4°C. Colonies plated from the sam-
ples, which were irradiated at doses of 0.24 and
0.48 kGy, did not differ from control samples in diam-
eter and consistency. Changes at a dose of 0.96 kGy
were insignificant and were observed on the 11th day
after irradiation. The colonies plated from minced
trout, which was irradiated with doses of 2.8 and
5.6 kGy, showed significant changes in diameter and
appearance. At the same time, these changes became
more pronounced with an increase in storage time.
Exposure to ionizing radiation changes the biochemi-
cal and morphological properties of microbial cells
[22]. The degree of changes depends on many factors,
including the radiosensitivity of this population. The
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development of several communities possessing dif-
ferent levels of radioresistance to ionizing radiation
under the conditions of limited nutritional resources
of minced fish occurs asynchronously, which explains
the fluctuations in numbers of viable cells in irradiated
samples during storage (Fig. 1).

According to the results of our study, electron irra-
diation at doses of 0.24—5.6 kGy was shown to reduce
microbial contamination of the minced trout com-
pared to unirradiated samples 15 days after irradiation.
At the end of the study, the total microbial abundance
in all irradiated samples did not exceed 10° CFU /g. At
the same time, this indicator was more than
108 CFU/g in control samples. Thus, irradiation with
low energy electrons makes it possible to control the
microbial contamination of chilled fish products
stored for 15 days at 4°C.

FUNDING

This study was supported by the Russian Foundation for
Basic Research, project no. 18-016-00198a.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

Vol. 17 No.2 2020



10.

11.

12.

13.

APPLYING LOW ENERGY ELECTRONS TO IRRADIATE CHILLED TROUT

REFERENCES

N. I. Sanzharova, S. A. Geras’kin, N. N. Isamov, et al.,
Scientific Principles for the Application of Radiation
Technologies in Agriculture (VNIISKhRAE, Obninsk,
2013) [in Russian].

T. Kume, M. Furuta, S. Todoriki, et al., “Status of food
irradiation in the world,” Radiat. Phys. Chem. 78,
222226 (2009).

. A. P. Chernyaev, Radiation Technology. The Science.

National Economy. The Medicine (Universitet, Mos-
cow, 2018) [in Russian].

G. V. Koz’min, N. 1. Sanzharova, I. I. Kibina, et al.,
“Radiation technologies in agriculture and food indus-
try,” Dostizh. Nauki Tekh. APK 29 (5), 87—92 (2015).

. C. H. Sommers and X. Fan, Food Irradiation Research

and Technology (Blackwell Professional, Oxford, 2006).

. CAC, 2003, CODEX STAN 106-1983, Rev.1-2003,

Codex Alimentarius Commission. General Standard
for Irradiated Foods (Codex Alimentarius,
FAO/WHO, Rome, 2003).

J. F. Diehl, Safety of Irradiated Foods, 2nd ed. (Marcel
Dekker, New York, 1995), p. 454.

. B. A. Niemira and X. Fan, “Low-dose irradiation of

fresh and fresh-cut produce: safety, sensory and shelf
life,” in Food Irradiation Research and Technology, Ed.
by C. H. Sommers and X. Fan (Blackwell, Ames, IA,
2012).

T. Kume, M. Furuta, S. Todoriki, N. Uenoyama, and
Y. Kobayashi, “Status of food irradiation in the world,”
Radiat. Phys. Chem. 78, 222—226 (2009).

N. I. Sanzharova, G. V. Koz’min, A. N. Pavlov,
V. O. Kobyalko, N. N. Loi, and P. N. Tsygvintsev, in
Radiation Technologies in Agriculture and Food Industry:
State and Prospects, Proceedings of the International
Conference, Obninsk, 2018, pp. 32—35.

N. I. Sanzharova, G. V. Koz’min, and V. S. Bondaren-
ko, “Radiation technologies in agriculture: a strategy
for scientific and technological development,” Innov.
Ekspertiza 16 (1), 197—206 (2016).

A. S. Alimov, “The practical application of electronic
accelerators,” SINP Preprint No. 2011-13/877 (Sko-
beltsyn Inst. Nucl. Phys., Lomonosov MSU, Moscow,
2011).

Z. Yang, H. Wang, W. Wang, W. Qi, L. Yue, and Q. Ye,
“Effect of 10 MeV e-beam irradiation combined with
vacuum-packaging on the shelf life of atlantic salmon

PHYSICS OF PARTICLES AND NUCLEI LETTERS

14.

15.

16.

17.

18.

19.

20.

21.

22.

Vol. 17

263

fillets during storage at 4°C,” Food Chem. 145, 535—
541 (2014).

V. Guillén-Casla, N. Rosales-Conrado, M. E. Leon-
Gonzalez, L. V. Pérez-Arribas, and L. M. Polo-Diez,
“Principal component analysis (PCA) multiple linear
regression (MLR) statistical tools to evaluate the effect
of e-beam irradiation on ready-to-eat food,” J. Food
Compos. Anal. 24, 456—464 (2011).

J. L. Black and J. Jaczynski, “Temperature effect on in-
activation kinetics of escherichia coli 0157:H7 by elec-
tron beam in ground beef, chicken breast meat, and
trout fillet,” J. Food Sci. 71, 221227 (2006).

M. Oraei, A. Motallebi, and E. Hoseini, “Effect of
gamma irradiation and frozen storage on chemical and
sensory characteristics of rainbow trout fillet,” Int. J.
Food Sci. Technol. 47, 977—984 (2012).

M. Krizek, K. Matejkova, F. Vacha, and F. Dadakova,
“Effect of low-dose irradiation on biogenic amines for-

mation in vacuum-packed trout flesh,” Food Chem.
132, 367—372 (2012).

H. J. Kim, H. H. Chun, H. J. Song, and K. B. Song,
“Effects of electron beam irradiation on the microbio-
logical growth and quality of beef jerky during storage,”
Rad. Phys. Chem. 79, 1165—1168 (2010).

D. Kundu, A. Gill, C. Lui, N. Goswami, and R. Hol-
ley, “Use of low dose e-beam irradiation to reduce
E. coli O157:H7, non-0157 (VTEC) e. coli and salmo-
nella viability on meat surface,” Meat Sci. 96, 413—418
(2014).

A. P. Chernyaev, U. A. Bliznyuk, P. Yu. Borschegov-
skaya, V. S. Ipatova, Z. K. Nikitina, I. K. Gordonova,
F. R. Studenikin, and D. S. Yurov, “Treatment of re-
frigerated trout with 1 MeV electron beam to control its
microbiological parameters,” Phys. At. Nucl. 81,
1656—1659 (2018).

H. P. Song, B. Kim, S. Jung, J. H. Choe, H. Yun,
Y. J. Kim, and C. Jo, “Effect of gamma and electron
beam irradiation on the survival of pathogens inoculat-
ed into salted, seasoned, and fermented oyster,” LWT-
Food Sci. Technol. 42, 1320—1324 (2009).

I. V. Polyakova, V. O. Kobyalko, V. Ya. Sarukhanov,
G.V. Koz’min, N. A. Frolova, 1. N. Lykova, and
L. A. Voronin, “Influence of dose characteristics on ef-

ficiency of electron beam sterilization of fish pre-
serves,” Radiats. Risk 26, 97—106 (2017).

Translated by A. Panyushkina

No.2 2020



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	REFERENCES

		2020-03-30T17:57:59+0300
	Preflight Ticket Signature




