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Abstract. lonizing radiation can be used in food industryoider to control the number of
microbiological contaminants, among others. Thercesi of irradiation allowed to be used in this
respect are: high-voltage electron beams up to 8¥,MK — rays up to 5 MeV and gamma rays
produced from the radioisotop&€o and**'Cs.

One of the most important properties of irradiatien inactivation of microorganisms,
especially pathogens. Gram-negative pathogen l@ces very sensitive to radiation. As expected
bacterial spores are more resistant to ionizingatexh than vegetative cells are. Irradiation also
reduces the number of mould populations. Yeastshenother hand are more radio-resistant than
bacteria and moulds and can become the dominara @b irradiated foods. In what viruses are
concerned, ionizing radiation must be accompanieather treatments in order to be an efficient
inactivation method.

In conclusion, ionizing radiation can be used, ateatable doses, as a control method in
preserving the innocuity of foods.

Keywords: ionizing radiation, gamma rays, X—rays, accetsiatlectrons, irradiated foods,
biological contaminants, preservation methods.

INTRODUCTION

Irradiation of food is a physical process that useszing radiations from radioactive
isotopes of cobalt or cesium or from acceleratbes produce controlled amounts of gamma
rays, X rays or electron beams to assure the intyoolifoods and to prolong the shelf life.

As the name points out, the main effect of the zmg radiation on the irradiated
material is ionization. Radiations can strip eleet away from atoms or molecules that are

left positively charged (ionized) (Moise, I. V., @9).
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If the atom is part of a molecular structure, ahd ejected electron is part of a
chemical moiety charged species will appear inittagliated material. The charged species
rapidly split into free radicals that have a free umpaired electron. Free radicals react
extremely rapidly with each other and nearby mdesas they seek to become more stable
by gaining or losing an electron. It is these fradical reactions that trigger the chemical
effects leading to the ultimate changes in the food
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lonizing radiation (gamma rays, X-rays) has a \&hgrt wavelength and high energy,
high enough to change atoms by eliminating an mledrom them and forming an ion, but
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not high enough to split atoms and cause exposaette®to become radioactive (Molins, R.
A., 2001).

The absorbed dose is proportional to the ionizimgrgy absorbed per unit of
irradiated material. The effects of the treatmestralated to this quantity, which is the most
important specification of any irradiation proce@dcLaughlin, W. L., 1989).

The definition of absorbed dose can be expressedthBy following equation
(Sommers, C. H. and X. Fan, 2006):

_FoPT
Da=

1)

D,— the average dose, (kGy) P — the emitted power of the radiation
F, — a dimensionless factor that accounts for tiseurce, (kW)
fraction of emitted power absorbed by t T —the treatmenttime, (s)

material, 5[ 1[0.25;0.50] M — the mass of the material, (kg)

Absorbed dose requirements for various industrradiation processes cover a wide
range from 0.1 kGy to 1000 kGy. Most of these psses need less than 100 kGy, while
many need less than 10 kGy and some need les4 t@p.

The absorption of energy during irradiation canvpme foods with desirable new
benefits:

* inhibit sprouting

« destroy insects and parasites

« delay the ripening and spoilage

« extend the shelf-life of perishable

* eliminate pathogen microorganisms in food
« sterilize at doses above 10 kGy

Radiations used in food industry

The one overriding requirement for an energy sourmebe employed in food
irradiation is that the energy levels must be belbase that could possibly cause the food to
become radioactive. After that requirement is raetirces are considered on the basis of their
practical and economic feasibility (Jones, J. Nd92).

There are two principal forms of ionizing radiaticaccelerated subatomic particles
and high-energy electromagnetic (EM) radiation.

a. Accelerated Particles

Particles travelling at speeds approaching thedspééght can cause ionization. The
only particle used for food irradiation is the é¢tea (Roberts, P. B., 2003). High-voltage
electron beams (E-beams), accelerated electrom&rajed from linear accelerators are an
alternative to radioisotope generators.

In order to prevent activation (production of raaitive isotopes) a maximum limit of
10 MeV was established for the energy of E-beamsg#] I. V., 2009).

b. Electromagnetic Radiation

There is a range of EM radiations each charactrine different wavelengths or
energy and with different uses. Only X- rays anthge-rays have sufficient energy to cause
ionization (Roberts, P. B., 2003).

X-rays are EM radiations whose energetic spectrurarlaps that of gamma
radiations. Of interest in the ionizing radiaticeatment are bremstralung X— rays which
appear when accelerated electrons are stoppee ilehbtric field of the irradiated target. For
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the same reasons as in the case of E-beams, tlagsXemergy has to be restrained to 5 MeV
(Moise, I. V., 2009).

Gamma-rays are emitted by many atomic nuclei uradeggradioactive decay. The
gamma rays sources that are permitted for use ad foadiation are produced from the
radioisotope$§°Co (1.17 and 1.33 MeV) arld’Cs (0.662 MeV).

The choice of a radiation source for a particulppli@ation depends on practical
aspects such as thickness and density of the mlatéose uniformity ratio, minimum dose,
processing rate and economics.

Effects on microbiological contaminants

The biocide effect of ionizing radiations was oleer soon after their discovery.
Dickson (2001) explained that the first noticeadiect of ionizing radiation is DNA lesion
or recombination. This damage prevents multiplaatirandomly inhibits cell functions and,
depending on the number of affected cells and tmaptexity of the organism, can cause
death. The sensitivity of microorganisms to irréidia is based on the size of their DNA, the
rate at which they can repair damaged DNA and ddwtors. The size of the DNA ‘target’ in
the microorganism is one of the most importantdesct

Apart from affecting the DNA, ionizing radiationrcalso act on an adjacent molecule
which subsequently reacts with the genetic matefiabdiation may affect other cell
components, such as the membrane, the enzymebeauggtoplasm. This damage may not be
directly lethal, but can damage the cell sub léghab that it can impede the survival of the
damaged cell (Pollard, E. C., 1966).

Obviously, the biocide effect depends on the alesbrdiose. At low doses chemical
reactions can disrupt bio-chemical and hormonategsses in fresh produce. As the dose
increases, cell division is prevented as chemitsaiidtion of DNA becomes severe (Lacroix,
Monique, 2005). In this way microorganisms are. tAe highest doses used, all the
microorganisms are killed and the food is sterdize

Fig. 1. represents the dominant biological effettradiation in realation to the
absorbed dose.

Recombination Level 1 (+ “repairing”y—» hetDNA rebuilds identically
NO BIOLOGIC EFFECT

Recombination Level 2—»  the DNA rebuild8atently, in a viable structure
GENETIC MUTATION

Recombination Level 3—» the DNA rebuildfetiently, in a nonviable structure
BILOGICAL DEATH

Increase of dose

(Moise, 1. V., 2009)

Fig. 1. Biological effect of radiation in realatiom the absorbed dose

According to Frazier and Westhoff (1988), the bacigal efficacy of a given dose of
irradiation depends on the following:

1. the kind and species of the organism, this fact@résented in Tab. 1, Tab. 2 and
Tab. 3.

2. the numbers of organisms (or spores) originallseng, the more organisms there
are, the less effective a given dose will be
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3. the composition of the food, some constituemtg.( proteins, catalase, nitrites,
sulfites, sulfhydryl compounds) may be protectigcempounds that combine with the SH
groups would be sensitizing

4. the presence or absence of oxygen, the effedteef oxygen varies with the
organism, ranging from no effect to sensitizatibthe organism

5. the physical state of the food during irradiatidooth moisture content and
temperature affect different organisms in differemalys, see Tab. 4

6. the condition of the organisms: age, temperatdrgrowth and sporulation, and
state (vegetative or spore) may affect the seitgitf the organisms, see Tab 1.

Effectson bacteria

One of the most important properties of irradiati®mactivation of microorganisms,
especially pathogens.

Those microorganisms which are efficient in repgrtheir DNA show the greatest
probability of survival, and are therefore the mestistant to irradiation. In addition to this
survival mechanisms there are microorganisms warehresistant to radiation owing to the
fact that they possess a mechanism for damagedigemaerial elimination, which aids their
survival. One example of a bacterium resistantadiation isDeinococcus radiodurans
which can be found in foods which have been irtadiavith doses up to 40 kGy (Dickson,
2001).

It has been observed that the number of microosgasipresent in an irradiated food
decreases with the applied dose (Ibarz, A., 2008):

N = Noexp(-KkD) )
N — the number of microorganisms which survive k — the kinetic constant of microorganism
No— the number of microorganisms initially present destruction by irradiation
in the food D — the dose applied

Fig. 2 presents the typical bacterial survival eufellowing irradiation and Fig. 3
shows the bacterial radio-inactivation curves fane representative bacteria.
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Fig. 2. Typical bacterial survival curve Fig. 3. Bacterial radio-inactivation curves for
following irradiation some representative bacteria
(Molins, R. A., 2001) (IFIN HH.)
As shown in

Tab. 3, Gram-negative saprophytes bacteria involved iodfspoilage are radio-
sensitive. In general Gram-positive spoilage baxtdactobacilli and lactococci, are more
radio-resistant than Gram-negative spoilage bacteBram-negative pathogen bacteria,
Escherichia coli, Yersinia enterocolitica, Aeromertaydrophilaand Campylobacter spare
very sensitive to radiation. Of al§almonellais the most radio-resistant. So, a treatment
designed to eliminate&Salmonellawill ultimately destroy all Gram-negative pathogens
Bacterial spores are more resistant to ionizingatamh than are vegetative cells.
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While research was conducted on ionizing radiatidhe problem of increase in
pathogenesis and radio-resistance of irradiatedomiganisms arose. It was not found any
scientific proof that ionizing radiations treatmentreases microorganisms’ pathogenesis,
virulence and radio-resistance. Moreover, the h@gonal Committee on Food Microbiology
and Hygiene, (ICFMH) after a meeting in Copenhagad82, concluded that food irradiation
Is an important pathogens control method and thddes not present any risks for consumers
(Barbosa-Canovas, G. V., 1998).

Approximate killing doses of ionizing radiationskitoGrays (kGy)

Tab. 1

Approximate Approximate
Organism lethal Organism lethal
dose (kGy) dose (kGy)
Bacterial pathogens in vegetative state
Gram-negative:
Salmonellaspp. 3.7-4.8 Escherichia coli 0157:H7 0.24-0.47
Camlylobacter jejuni 0.08-0.32 Yersinia enterocolitica 0.04-0.39
Gram-positive
Mycobacterium tuberculosis 1.4 Clostridium perfringes 0.29-0.85
Corynebacterium diphtheriae 4.2 Listeria monocytogenes 0.25-0.77
Bacillus cereus 0.02-0.58 Staphylococcus aureus 0.26-0.45
Bacterial saprophytes in vegetative state
Gram-negative:

Escherichia coli 1.0-23 Pseudomonas putida 0.08-0.11
Pseudomonas aeruginosa 1.6-23 Enterobacter aerogenes 1.4-1.8
Pseudomonas fluorescens 1.2-23 Moraxella phenylpyruvica 0.63-0.88

Gram-positive
Lactobacillusspp. 0.23-0.38 Leuconostoc dextranicum 0.9
Streptococcus faecalis 1.7-8.8 Sarcina lutea 3.7
Bacterial spores:
Bacillus subtillus 12-18 Clostridium botulinun{E) 15-18
Bacillus coagulans 10 Clostridium perfringens 3.1
Clostridium botulinunA) 19 - 37 Putrefactive anaerol#679 23 - 50

(Barbosa-Canovas, G. \&t al., 1998, Radomyski, Tet al.,1994; Monk, M. L.get al,1995)

Effects on moulds

Irradiation reduces the number of mould populatioat their effects on mycotoxin

production of surviving moulds are not well undecst (Monk, M. L., 1995). Irradiation can
lead to a growth of mycotoxin production as thectivation of concurrent micro flora could
allow the moulds to increase it. But a reductiocadld also be expected.

Tab. 2

Radio-resistance of some mould species, irradiattedom temperature

Mould Species

Necessary dose to
prevent mould growth

Mould Species

Necessary dose to
prevent mould growth

(kGy) (kGy)
Aspergillus flavusg 1,6 Botrytis cinerea 5,0
A. niger 2,5 Cladosporiunspp. 6,0
A. parasiticus 1,6 Penicillium viridicatum 1,4
Alternaria spp. 6,0

(WHO, 1999)
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As summarized in Tab. ZspergillusandPenicilliumgenii are among the most radio-
sensitive moulds. In what dried foods and ingredi@ontaminated witAlternaria alternate,
Cladosporium cladosporoides Culvularia spp., are concerned, irradiation with doses up to
10 kGy will not guarantee mould destruction. Bulldwing the GAP and GMP before
irradiation, mould contamination will be kept withproper limits.

In conclusion, foods with high moisture contenadhliated at high doses can be mould
sterilized using ionizing radiation.

Effects on yeasts

Although yeasts are not usual agents for food bdiseases, their presence and
development in some foods can create favorableiptiatition conditions for other spoilage
or pathogenic microorganisms. Secondly, there egpathogenic yeasts vehiculated by foods
such agCandida albican&ndCryptococcus neoformans

Most yeasts are radio-sensitive, witih®Dalues of 0.1 to 0.5, that means that a dose of
5 kGy will reduce the existing yeast populationdtyeast 10D (Wilkinson, V. M. and G. V.
Gould, 1998). There are radio-tolerant strainsghouStehlik and Kaindl (1966) studied a
radio-resistant strain @accharomyces cerevisigar. ellipsoideusvhich had a value of 3
kGy when irradiated at 20°C. The rate of inactimatidecreased significantly with the
increase of temperature, so that at 45°C, thevBlue was only 0,5 kGy.

Tab.3
Radio-resistance of some yeast at gamma ionizidigtian
Necessary dose Necessary dose
revent yeast revent yeast

Yeast P gro Wt}/] Yeast P gro \Nt}r/]

(kGy) (kGy)
Candida crusei 5.5 Saccharomyces carlsbergiensis 15
C. tropicalis 10 S. cerevisiae 18
Cryptococcus albidus 10 S. rosei 15
Debaryomyces klockeri 7.5 Sporobolomyces pararoseus 5
Pullularia pullulans 20 Torulopsis stellata 10

Rhodotorula glutinis 10
(WHO, 1999)

Analyzing the data in Tab. 3, it can be said thetause of their radio-tolerance some
yeasts can become the dominant flora of irradiédeds if they are present in a high enough
number.

Effectson Viruses

Viruses are the smallest pathogens with nucleidsacThey are, in general, more
radio-resistant than other microorganisms witlg \2lues larger than 10 kGy (Young, A. L.,
2003). Radio-resistance of viruses can grow upQdirhes that of bacteria depending on
factors such as: concentration of organic matamighe medium, irradiation temperature and
moisture content.

The necessary doses for the inactivation of viruseease with the decrease of their
dimension, reaching levels of 20-100 kGy. Ma#etl.(1991) suggested a dose of 3.1 kGy to
eliminate 90% of A hepatitis virus, poliovirus anatavirus in shellfish and Sullivaet al.
(1973) proposed a dose of 6.8 kGy to inactivate @ coxsackievirus in ground beef. The
radio-resistance of coxsackievirus type B2 to ganon&ing radiation is presented in Tab. 4.
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Tab. 4
Radio-resistance of coxsackievirus type B2 to gananiing radiation

Irradiation Irradiation Irradiation .
. Djovalues . Irradiation Dypvalues
environment| temperature environment o
°C) (kGy) temperature (°C) (kGy)
water 0,5 1,4 -30 6,8
-90 5,3 -60 7.8
Cooked bee 16 7.0 Cooked bee -20 8.1
0,5 7,6

(Sullivanet al.,1973)

It is important to keep in mind that, in the maijgrof cases, a 90% inactivation of
virus population is not enough to eliminate thestusty of infection. But, a combination of
ionizing radiation with other treatments such amifd thermal treatment or a microwave
treatment, additive addition or irradiation in oecstmosphere can improve the efficiency of
virus’ inactivation.

CONCLUSIONS

Irradiation of food must not be confused with tl@tamination of food by radioactive
materials, which themselves emit radiations thay fmarm the consumer. Food irradiation
cannot make food radioactive since the radiatic@duthough of high energy, is not powerful
enough to induce the necessary changes in atoroieinu

The radiation sources accepted in food industry g@gmma rays from radio-nuclides
9Co or'*'Cs, X-rays with nominal energy level below 5 MeWaccelerated electrons with
nominal energy level below 10 MeV.

lonizing radiation has a biocide effect becausafacts either the DNA or major cell
components the contamination flora. Consequentlgan be used in order to control the
microorganism number in foods. So, it can inacavaiicroorganisms, especially pathogens.
It was observed that Gram-negative pathogen bactare very sensitive to radiation,
Salmonellabeing the most radio-resistant. As expected battspores are more resistant to
ionizing radiation than vegetative cells are.

Irradiation also reduces the number of mould pdjria.

Yeasts on the other hand are more radio-resistemt bacteria and moulds and can
become the dominant flora of irradiated foods.

In what viruses are concerned, ionizing radiationstnbe accompanied by other
treatments, such as thermal or microwave treatroemtdditive addition in order to be an
efficient inactivation method.

While irradiation provides many benefits, it canreplace proper food handling as the
single most critical food safety measure. Irradiatdoes not prevent contamination but it
controls it.
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