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In this study, the electron paramagnetic resonance (EPR) spin prolpées were recorded against time. A decrease in the signal intensity and a
technique is applied as a detection method in the differentiation of irradehange in the shape of the intensity-time curve (rehydration curve) were

ated and unirradiated wheat seeds. Two wheat cultivarsdi¢u and

observed, depending on the applied level of irradiation. The ratio of the

Bezostaya, were used. Aqueous solutions of 4-hydroxy-TEMPOipid and aqueous regions at the high field, (m-1) line changes,
(TANOL) spin probe prepared with a line-broadening agent, potassiurdepending on the dose of irradiation.
ferricyanide, were used in all experiments. The EPR spectra of the sam-

Although various preservation methods have been used to pre-
vent food spoilage since ancient times, research to improve food
preservation methods is still an important activity in food science
and technology. Irradiation is a new approach in thisfield. The use
of ionizing radiation in food technology has been allowed in many
countries in recent years. The Joint FAO/IAEA/WHO Expert
Committee on the Wholesomeness of Irradiated Food stated that
irradiation of any food commodity up to an overal average dose
of 10 kGy presents no toxicologica hazard (Anonymous 1981).
The regulations concerning irradiated food show great differences
between individual countries. As a part of the regulations for food
irradiation, government organizations should be able to detect
whether a particular food has been irradiated and measure the
irradiation dose. Therefore, in recent years, there has been an in-
creasing interest in developing laboratory methods that allow
identification of irradiated food. A number of physical, chemical,
and biological measurements have been suggested for the detec-
tion of irradiated food in the literature (Dodd et a 1985, Heide

nitroxide free radicals have become the most widely used spin probes
(McConnell and McFarland 1970, Berliner 1976, Aksyonov and
Golovina 1986, Smirnov et al 1988). 4-Hydroxy-TEMPO (TANOL)

is a commonly used spin probe (Fig. 1) because of its good water
solubility (Kutscher et al 1986). Various line-broadening agents,
such as potassium ferricyanide ;f€(CN)) are used to distin-
guish the signals of the spin probe from intra- and extracellular
regions of biological samples (Eaton and Eaton 1978, Zagnoiko et
al 1993, Burchfield et al 1994).

The EPR signal of TANOL and water consists of three well-
resolved lines (= 1, 0,—1) as a result of interaction of electron
with the nitrogen nucleus. Potassium ferricyanide converts these
lines into very broad lines due to exchange interaction (Eaton and
Eaton 1978). The membranes of the living cells are impermeable
to the line-broadening material. Therefore, after inserting the embryo
into the solution prepared with line-broadening material, an
unbroadened signal is obtained from the aqueous and lipid parts of
the living cells. This signal is superimposed on the broadened

and Bogl 1987, Wieser and Regulla 1988, Bogl 1989). Previouslgignal coming from the solution that surrounds the embryo. Fol-

the possibility of using an electron paramagnetic resonance (EPRwing the insertion of dry embryo in this solution, rehydration

technique for the detection of irradiated cereals was investigatedegins for the embryo. The penetration of TANOL into the cells

In these studies, it was concluded that EPR technique can be useoh be followed during this rehydration process.

to detect irradiated samples within a certain period of storage In recent studies, the viability of wheat seeds were investigated

(Onderdelinden and Strackee 1974, Raffi et al 1987, Hunter et By the use of the spin probe technique. Both newly harvested and

1988, Troup et al 1989, Koksel et al 1993, Munoz et al 1994). aged seeds were used in these studies. The correlation between the
EPR is a useful tool for investigating physical properties wheréoss of seed viability and external membrane integrity was moni-

there is a sufficient concentration of paramagnetic species withintared using spin probes and a lipid spin label (Smirnov et al 1992;

material. However, the difficulty in the application of EPR to mostGolovina and Tikhonov 1994; Sunnetgiio et al, in press). To our

biological systems concerns the low concentration of stable paknowledge, this technique has not been applied to the detection of

amagnetic species, which can be overcome by the use of a spiradiated wheat seeds.

probe technique. The main objective of this study was to examine the possibility
Spin probes are stable paramagnetic species that are highly sef-using spin probe technique for the detection of gamma irradi-

sitive to changes in the chemical environment when they are intrated wheat.

duced into systems under investigation. They report changes in

the chemical environment without disturbing the system. Since the

1960’s, the stability and intrinsic magnetic properties of the OH
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MATERIALSAND METHODS RESULTSAND DISCUSSION

One bread wheat sample (cv. Bezostaya) and one durum wheat Before performing the experiments with the spin probes, the
sample (cv. Kunduru-1149) used in this study were obtained from signals coming from the radicals produced as a result of the irra-
Field Crops Improvement Center, Ankara, Turkey. Both cultivars  diation were tested. Tests were performed using single embryos of
were harvested in 1994. The wheat samples were cleaned on a  each sample. It was not possible to observe any signal at the
Carter Dockage Tester, placed in polyethylene bags (500 g), and spectrometer conditions given above. When modulation amplitude
irradiated to absorbed doses of 10.0 and 20.0 kGy using the ®Co  was changed to 0.2 mT and the receiver gain was increased,(~10
source at Saraykdy Nuclear Research Institute, Ankara. The dogevas possible to record the spectra of single embryos (Fig. 2).
rate was 6.0 kGy/hr. The absorbed dose was checked by Frickée unirradiated sample gives a background signal and there is a
dosimetry (Anonymous 1977). Unirradiated control samples andgariation in the signal intensity as a function of the dose. An
irradiated samples were stored for six months before laboratoigicrease in the number of embryos resulted in an increase in the
analyses. Because the free radicals produced as a result of irradigmnal intensity (not presented in the figure). After two months, the
tion decay during the storage, there is no background signal froexperiments were repeated and a decrease in the signal intensities
these radicals at the spectrometer conditions of the present studlyirradiated samples relative to background signal was observed.
with the spin probe. Individual embryos of wheat kernels weré\ similar decrease in the signal intensity of irradiated corn samples
excised with a stainless steel needle. Wholeness of embryos waas also observed after 50 days of storage (Munoz et al 1994).
checked by microscope. Moisture contents of the wheat samplesThe spectra recorded with the use of solutions | and Il for single
were determined according to Approved Methods (AACC 1995)embryos of the Bezostaya samples irradiated at 20 kGy level are
The nonviable embryos were prepared by keeping the wheat seegigen in Fig. 3A and B. Each spectrum observed is a superposition
for 17 hr at 110°C. of the signals from the lipid and aqueous parts of the cells and the

The spin probe 4-hydroxy-TEMPO (TANOL) was obtained signal from extracellular region (broadened signal). Therefore, the
from Aldrich. The aqueous solutions of this probe were prepareligh field line (m = —1) signal is expected to differ from lipid and
including a line-broadening material, potassium ferricyanide. A 1@&queous parts. A consideration of Fig. 3 indicates that it is possi-
mM aqueous solution of TANOL was prepared with 10M m ble to observe these signals when solution Il is used. The super-
(solution 1) and 200 M (solution Il) concentrations of potassium posing signals do not allow this observation for solution 1.
ferricyanide. The results obtained using solutions | and Il for single embryos

In all experiments, 1-mm i.d. capillaries were used. The bottorof unirradiated and irradiated Kunduru samples are given in Fig.
and top parts of capillaries were enclosed with parafiim M. EPRIA and B. This figure indicates that the signal intensity was
studies were performed using an X-band Varian E-9 spectrometbigher for unirradiated embryo and decreased with the amount of
at0.3T. the irradiation dose.

The spectrometer conditions for spin probe studies were 100
kHz field modulation, 2 mW microwave power, room tempera-
ture, and modulation amplitude of 0.05 mT. Experiments with the
spin probe were performed with single embryos of unirradiated A

control sample and with the embryos of the samples irradiated at 150
levels of 10 and 20 kGy. A certain amount of the aqueous solution
of the spin probe was taken into the capillary, then a spectrum of

.

the solution without embryo was recorded. Next, the dry embryo
was added to the capillary, and the time-dependent spectra were
recorded. The signal intensity is followed as a function of time up
to 150 min. In the rehydration curves, the differences between the
first signal intensity (Q and the signal intensities recorded for the o
duration of the experiment were used. First signal intensity was

the intensity recorded just after the insertion of the embryo. The a
experiments were repeated after two months. 1 mT
—
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Fig. 2. Signal coming from the radicals produced as a result of irradiation Fig. 3. Recorded spectra of single embryos at various times of rehydra-
background for unirradiated embryo (dotted line), 10 kGy (dashed line), tion of Bezostaya samples irradiated at 20 kGy level in solution | (A) and
20 kGy (solid line). solution I1. (B). a= Solutions without embryo.
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Fig. 4. Signal intensity time curves of single embryos (rehydration curves) of Kunduru samplesin solution | (A) and solution || (B). B = Unirradiated, A =
irradiated at 10 kGy, @ = irradiated at 20 kGy.
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Fig. 5. Signal intensity time curves of Kunduru samples in solution 1. A, unirradiated; B, irradiated at 10 kGy; C, irradiated at 20 kGy; D, nonviable
wheat embryos.; m; =+ 1(0), m, = 0 (*), and m; = -1 aqueous parf\], and lipid part (O), respectively.
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