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Effect of gamma radiation on some saccharides: an EPR study
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In the present work an Electron Paramagnetic Resonance (EPR) spectroscopic study of y irradiated mannitol and
stevia is reported. It is found that the EPR spectra of irradiated samples strongly depend on the applied microwave
power and modulation amplitude. On the basis of microwave saturation is found that both mannitol and stevia EPR
spectra are complex, containing at least two individual and overlapping signals. The produced free radicals are stable at
room temperature at least six months. This is the fundament to distinguish irradiated products containing mannitol or
stevia from non-irradiated ones even six months after irradiation.
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INTRODUCTION

In the last three decades EPR or ESR (Electron
Spin  Resonance) spectroscopy has expanded
significantly in the field of practical applications.
This is mainly due to its selectivity (only
paramagnetic substances), high sensitivity (10! —
102 M) and non-destructive analysis.  One
direction in this field is detection of radiation
induced defect in the matter. On the other hand
gamma radiation is considered as a clean, not too
expensive and effective method for sterilization of
foodstuffs [1], medical and pharmaceutical
products [2], etc. The irradiation procedure must be
controlled because generated paramagnetic defects
or free radicals in the mater and especially their
recombination products in the food form new,
unknown substances with unknown effects in
regard to human health. This fact justifies the
necessity of control of the radiation processing. A
lot of works described the application of EPR
method for identification of irradiated foodstuffs
[3-7] as well as for dosimetric control [8,9] were
published. In the literature there is only one
publication about EPR investigations of gamma
irradiated stevia [10] who study it as a material for
accidental dosimetry. This study demonstrated the
potential use of sweeteners for retrospective
dosimetry. No data about EPR investigation of
gamma-irradiated mannitol are reported up to now.

In the present work for the first time EPR
spectra of gamma irradiated mannitol and stevia in
respect to their structure and time stability in order
to their potential application for identification of
irradiated foodstuffs containing them, as well as for
dosimetric purposes are reported.
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EXPERIMENTAL

Materials.  Mannitol  (CgHs(OH)s)  was
purchased from Aldrich whereas stevia (made from
the leaves of the plant species Stevia rebaudiana
with sweet taste coming from steviol glycoside
(C20H3003)) was purchased from local market. The
substances were used as obtained.

Irradiation. The samples were irradiated with
single dose of 10 kGy y-rays on “Gamma-1300”
irradiator (**’Cs) in air and at room temperature.

Instrumentation. The EPR spectra were
recorded at room temperature on a JEOL JES-FA
100 EPR spectrometer operating in the X-band,
equipped with a standard TEon cylindrical
resonator.

RESULTS AND DISCUSSION
Features of the EPR spectrum of mannitol and
stevia

In non-irradiated samples of mannitol and stevia
no EPR spectra were recorded. After irradiation the
samples exhibit an unresolved and a complex signal
containing several overlapped and not well resolved
EPR patterns. The nature of these radicals is not
clear up to now. Figure 1la shows the EPR spectrum
of gamma irradiated mannitol which is
characterized with g factor 2.0170 £+ 0.0002 of the
most intense peak. The first step after irradiation
was to study the influence of the instrumental
settings microwave power and modulation
amplitude on the EPR signal in order to find more
deep information about their possible structure. It is
seen from Figure 1a that the radiation induced EPR
spectrum of mannitol is consists of four peaks
(noted as P1, P2, P3 and P4) all sensitive to the
magnitude of the applied microwave power (Figure
1b).
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Fig. 1. (a) EPR spectrum of irradiated mannitol; (b) EPR signal intensity of irradiated mannitol as a function of square
root of microwave power.
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Fig. 2. (a) EPR spectrum of irradiated stevia; (b) EPR signal intensity of irradiated stevia as a function of square root of
microwave power.

It was found (Figure 1b) that the peaks P1, P2
and P4 have equal behavior of saturation - they are
saturated at microwave power less than 0.2 mW
and above 8 mW they disappear. Because of the
same behavior of saturation from the applied
microwave power it was concluded that the peaks
P1, P2 and P4 probably are belonging to one and
the same free radical. The peak P3 is slightly
broadened at microwave power higher than 1mWw,
which unambiguously indicate saturation effect but
it is well observed at 8 mW and higher power. In
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respect of the applied modulation amplitude the
EPR spectrum of irradiated mannitol linearity
depends of it up to 0.16 mT and after that over-
modulation of the separate EPR lines appears. In
view of this it may be concluded, that in gamma
irradiated mannitol at least two free radicals are
present.

Figure 2a shows the EPR spectrum of irradiated
stevia which is composed of four peaks marked in
the figure as P1, P2, P3 and P4. These peaks are
characterized with g-values 2.0379, 2.0280, 2.0155
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and 2.0045 (£ 0.0002) respectively. The behavior
of to microwave power saturation and modulation
amplitude shows increasing of the EPR signal
intensity to about 1 mW but linear dependence is
obtained to and down 0.3 mW (Figure 2b). On the
other hand the peak P4 disappear over 10 mW. In
view of the dependence of the EPR signal intensity
from the applied modulation amplitude as a whole
there are not changes in the EPR spectrum of stevia
up to 0.6 mT modulation amplitude, after that the
spectrum become slightly broadening.

Time stability of radiation-induced EPR signals

Previous works [11,12]show that immediately
after irradiation, the shape and the intensity of the
EPR spectra of saccharides undergo changes during
a certain period of time, characteristic for each
material. Having this in mind, the EPR spectra of y
-irradiated mannitol and stevia were monitored for
six months after the irradiation. It was found that
the EPR spectra of both samples undergo small
transformations in the first days after irradiation.
After that the shape of the spectra of irradiated
mannitol and stevia remains unchanged only
decreasing of the intensity of the EPR spectra with
250 g.kg! was recorded. This means that six
months after irradiation these substances are
suitable for identification of radiation processing.
Moreover, mannitol and stevia can be considered as
appropriate substances for dosimetric purposes.

The obtained results describe for the first time
some features of EPR spectra of manitol and stevia.
It is shown that each spectrum consist at least two
independent paramagnetic species. Also it may be
suggested that using EPR technique is possible to
investigate irradiated foodstuffs containing them as
well as for their potential as dosimetric materials.
The present initial studies about EPR investigation

of mannitol and stevia suggest that some additional
work must be done though, before it can be taken in
regular use.
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E®EKT HA TAMA PAJJIMALINA BBPXY 3AXAPU/IU: EITP U3CJIEABAHE

. Kapakuposa®, H. Mopganos

Hnemumym no kamanus, bvreapcka akademus na naykume, yiu. ,,Axao. I'. bBonues ™ 6n. 11, Coghusa 1113

[Mocremuna Ha 12 aBryct, 2014 r.; npuera Ha 17 nekemBpu, 2014 T.

(Pestome)

B nacrosimara paborta ca IpencTaBeHH pe3yiTaTH OT M3CIe/lBaHEe HA raMa OONbUYEHM MAHHTON U CTEBHS C
Enextpon Ilapamarauren Pesonanc (EIIP) cniektpockonusi. YcraHoBeno e, ue EIIP cnekTspa Ha oOnbueHuTe npodu
3aBUCH CWJIHO OT NPWJIOKEHATa MUKPOBBJIHOBA MOIIHOCT M aMIUIMTYyla Ha MoAyJanus. Bb3 oCHOBa Ha HaCHUILAHETO Ha
EIIP curnana npu yBeindaBaHE HA MUKPOBBJIHOBaTa MOLIHOCT € YCTaHOBEHO, ue EIIP ciexkTpure Ha MaHUTON U CTEBUS
ca CIIOKHH M ChIBPXKAT Hal-MaiKo ABe oTaenHN U npunokpusany ce EITP muamn. OOpa3yBanuTe cBOOOIHU paguKaIn
ca cTaOWIIHM IIpU CTaifHa TeMIlepaTypa Haii-MaJIKo IecT Mecera. ToBa JaBa Bb3MOXKHOCT Jla CE€ PasrpaHU4aT 00JbUCHU
MaHHTOJI ¥ CTEBUS ChABPIKAIIN MIPOAYKTH OT HEOOTBUYCHH, TOPH IIECT MEcena cie 00IbpYBaHe.
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