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EPR study of gamma — irradiated cereal foods
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The results from the EPR studies on wheat and oat bran, rolled oats, buckwheat and different kind of rice — white,
brown and parboiled rice before and after gamma-irradiation are reported. Before irradiation all samples exhibit one
weak singlet EPR line characterized with common g-factor of 2.0048+0.0005 and six lines due to Mn?* naturally
available in the plants. Only parboiled rice did not show any EPR spectrum before irradiation. After irradiation, in
addition of the Mn?* signal a typical “cellulose-like” triplet EPR spectrum appears, attributed to cellulose free radicals,
generated by gamma-irradiation. This EPR spectrum is superimposed by a partly resolved “carbohydrate” spectrum,
which however is the main spectrum for parboiled rice samples. The fading kinetics of radiation-induced EPR signals
were studied for a period of 90 days after irradiation. The reported results unambiguously show that the presence of
characteristic EPR spectra of cereal samples can be used for identification of previous radiation processing.
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INTRODUCTION

Irradiation of various food products with high
energy radiation have been used as effective tool
for  their  disinfestations and  microbial
decontamination, suitable also for their long-term
preservation [1]. Gamma-irradiation has established
itself as a safe, secure and clean procedure for
sterilization of foodstuffs including in the final
packing. The results show that the quantity of
irradiated foods in the world in 2005 was 405,000
ton [2]. However, this manipulation should be
under control, which is the reason for many recent
studies creating suitable analytical methods [3]. As
a result, ten protocols were adopted by the
European Committee of Normalization, from which
six primary and the remaining for screening
purpose. Three of the main protocols use EPR (also
known as ESR) since high energy radiation yields
free radicals in foods, which are stable for a given
period of time and therefore easily detected by
EPR. One of them (EN 1787) treats cellulose
containing foodstuffs, in which “cellulose-like”
EPR spectrum appears after irradiation [4].

Cereals, especially wheat is an important
nutritive for mankind because of its unique quality
characteristics and the fact that large quantities can
be produced, harvested, stored and transported in an
efficient way. EPR spectroscopy was applied to the
studies on laser induced free radicals in wheat
grains [5] and in oat grains [6]. Free radicals in
irradiated wheat flour were investigated by EPR
[7]. The possible use of oat, wheat and corn kernels
as dosimeters for high-energy radiation were
discussed [8]. Basmati rice were studied by EPR
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and  Thermoluminescence  methods. EPR
investigation of 0.5-2.0 kGy irradiated basmati rice
samples showed short lived free radicals. In view of
this the possibility to identify irradiated rice by the
relaxation characteristics and thermal behaviour of
the free radicals were examined [9] in accordance
with our previous research [10]. Rice noodles could
be confirmed for irradiation treatment using ESR
spectroscopy [11].

In the present communication we report the EPR
spectra obtained before and after gamma-
irradiation of some widely spread non investigated
cereal foodstuffs in order to prove radiation
treatment.

EXPERIMENTAL
Samples

Wheat and oat bran, rolled oats, buckwheat and
different kind of rice — white, brown and parboiled
rice were purchased from local market, and were
divided in two portions. The first batch were passed
for irradiation, the second was separated as a
control samples.

Irradiation

All samples were simultaneously gamma-
irradiated by “Gamma 1300 irradiator with a
single dose of 10 kGy. The irradiation was
performed at room temperature and in the air. All
further manipulations of the irradiated cereals were
performed at least 72 h after irradiation in order to
avoid any interference by the radiation induced
short living paramagnetic species.

Instrumentation

EPR measurements were performed at room
temperature on Bruker ER 200 D SRC spectrometer
operated in X-band. Standard rectangular cavity
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(ER4102ST) operating in TE102 mode and 100
kHz magnetic field modulation were used. All
samples were accommodated in quartz EPR sample
tubes (i.d./o.d. 4/5 mm). The g-values of all
samples were estimated using “EPR marker”
available in the F-F Lock module (ER 033) —in our
spectrometer g- mark is 2.0050.

RESULTS AND DISCUSSION
EPR spectra before irradiation

Before irradiation EPR spectra of all samples
exhibit one weak singlet line (Figure 1a)
characterized with common g = 2.0048+0005,
which is equal to that observed in all plant origin
foodstuffs. It is attributed to free radicals of semi-
guinones [12] or to oxidation products of fatty acids
present in some fruits and vegetables [13]. In
addition to the weak singlet another spectrum can
be detected (Figure 1b). It consists of six lines
(marked with asterisks in Figure 1b) due to Mn?*
naturally available in the plants (nuclear spin of
*Mn, which is 100% in the natural abundance, is
5/2). The spectrum of Mn?* is characterized with g
= 2.0014+0.0005 and A, = 75+1G. Only parboiled
rice did not show EPR spectrum before irradiation.

I mT

EPR spectra after irradiation

As for non-irradiated samples a spectrum due to
Mn?" ions (Figure 2a) can be detected for the
samples after radiation treatment. Manganese
spectrum is radiation independent. More precise
analysis of the EPR spectra after irradiation of
wheat and oat bran, rolled oats, buckwheat, white
and brown rice (Figure 2b) show that they are
similar, consisting of central intense line with
g=2.00484+0.0005 and two weak satellite peaks
separated ca. 3 mT left and right to it. The central
line of the triplet is buried by the natural singlet.
The presence of two satellite lines is considered in
the Protocol EN 1787 as unambiguous evidence for
previous radiation treatment of plant origin
foodstuffs. Radiation induced triplet, called
“cellulose-like”, is attributed to cellulose free
radicals [14]. On the other hand, additional doublet
of lines (marked with asterisks in Figure 2b) are
recorded in the EPR spectra of studied samples
overlapped with the “cellulose-like” (marked with
arrows in Figure 2b) spectrum. This doublet may be
attributed to free radicals of starch [15] (Chabane et
al., 2001) known as “carbohydrate” spectrum [16].

Fig. 2. EPR spectra of irradiated wheat and oat bran, rolled oats, buckwheat, white and brown rice, recorded at magnetic
field sweep 60 mT (a) and 10 mT (b); parboiled rice 10 mT (c).
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There is no difference between EPR spectra of
wheat and oat bran, rolled oats, buckwheat, as well
as white and brown rice except intensity. EPR
spectrum of irradiated parboiled rice (Figure 2c)
differs from the spectra of all other samples. For
this sample ‘“carbohydrate” spectrum is better
pronounced and “cellulose-like” spectrum is not
registered.

Study of the EPR fading kinetics

In order to find the time stability of radiation-
induced EPR signals of cereal food samples, their
decay kinetics was studied for a period of 90 days
after irradiation. It follows from Figure 3 that the
intensity of the radiation induced signals of the
food samples gradually decrease in identical way
with the storage time. Nevertheless the following
order of stability is recorded: parboiled rice >
white, brown rice > buckwheat > rolled oats >
wheat and oat bran.
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Fig. 3. Kinetics of fading of the radiation induced signals
in parboiled rice (a); white, brown rice (b); buckwheat
(c) rolled oats (d); wheat and oat bran (f).

CONCLUSION

The obtained EPR spectra of some gamma-
irradiated cereal foodstuffs are complex because of
the overlapping signals of different free radicals
due to carbohydrates. Nevertheless, the individual
components of each spectrum lead to the specific

EPR spectra. Identification of radiation treatment
can be proved by these characteristic EPR spectra,
thus enriching European protocols concerning
irradiated foodstuffs.
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EITP U3CJIEIBAHE HA 'AMA-OBJIBYEHU 3bPHEHU XPAHU
K.J. Anekcuesa*, H.JI. Mopnamos
Hucmumym no kamanus, bvreapcka akademus na naykume, yi. ,,Axao. I'. bonueg™ o1. 11, Cogus 1113, Bvaeapus
Toctbnuna Ha 7 asryct, 2014 r.; npueta Ha 10 gekemppu, 2014 T.
(Pesrome)

IIpencrasenu ca pesynratu ot EIIP u3cnenBane Ha NIIEHUYEHU U OBECEHU TPHULIM, OBECEHU SIIKHU, €1/1a U Pa3Iu4HU
BHIOBE OpH3 - OsUI, KasB M OJaHIIMPaH OpU3 MPEIH U ciiell rama-oonpuBane. [lpenn obapuBaHe Mmpu BCHYKH POOH ce
peructpupa cinadba cunriaerHa EIIP nunus, xapakrepusupaia ce ¢ g-hakrop 2.0048+0,0005 u miect JITMHUU, KOUTO ce
IbJKaT Ha Mn?* HOHM NMPUPOJHO CHABPXKAIM CE B PACTEHHMATA. EJMHCTBEHO ONaHIIMpaHus Opu3 He Tokazsa EITP
cnekTep npemu obnbuBaHe. Cies 0ONbYUBAHE 3a€HO ChC CHIHala OT Mn?* [oHM, ce JeTeKTHpa TUIIHYEH
LHlenynozononooen” Tpuruieten EIIP crmekThp, KOWTO Ce MpHUNHCBA Ha CBOOOJHHM paJdKald OT LeNyJio3aTa,
TeHepUpaHH B CJIEJCTBUE Ha ramMa-o0iapuBaHe. B nombiHeHne Ha To3u ETIP criekThp e Hacno)KeH U YacTHYHO pa3pelieH
,BBIIIEXUIPATEH" CIIEKTBP, KOMTO € OCHOBEH CIEKTHP 3a IMpoOuTe oT OiiaHmupaH opu3. KuHeTHkara Ha 3aTHXBaHe Ha
pamnanmonHo-uHAynupanute EINP curnamm e mpocnenena 3a mepwox ot 90 mum cien oOmpuBaHe. JloKimagBaHHTE
pe3ynTaTu IMoKa3BaT HEJBYCMHCIICHO, Y€ NMPHUCHCTBUETO Ha xapakTtepHH EIIP crextpu Ha mpoOm OT >KUTHH PAacTCHUS
MOXE J1a C€ M3II0JI3Ba 3a WACHTU(HUINpPAHE Ha IIPEAXOAHA paJliallioHHa 00padoTKa.
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