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Abstract

Electron spin resonance (ESR) spectroscopy was used to investigate the effect of irradiation dose and storage
time on the free radical concentrations in gamma-irradiated dried seasoning powder. Seasoning powders of
dried squid flavor, shrimp flavor, kimchi flavor, spicy beef soup flavor and soy sauce flavor were irradiated
with doses of 0, 1, 3, 5, 7 and 9 kGy at room temperature using a Co-60 irradiator. Characteristic signals
of free radicals were observed in all the irradiated samples of this experiment, while these signals were not
detected in non-irradiated samples. Since the free radical concentrations linearly increased with the applied
doses (1~9 kGy), highly positive correlation coefficients (R2 = (.9285 ~ 0.9965) were obtained between irradiation
doses and free radical concentrations during all the storage times. Free radical concentrations of the irradiated
kimchi flavored seasoning powder did not change even at 16 weeks of storage at room temperature, while those
of dried squid, shrimp and spicy beef soup flavors decreased until 2 weeks of storage after irradiation with
5 kGy or over, and those of soy sause flavors slowly decreased until 8 weeks of storage after irradiation with
3 kGy or over. Although the free radical concentrations decreased with storage times, the characteristic signals
of the irradiated seasoning powders of dried squid, shrimp, spicy beef and soy sauce flavors were observed
even after 16 weeks of storage at room temperature.
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INTRODUCTION

One of the biggest problems of dried powdered sea-
soning spices and their ingredients is that they spoil easily
due to the growth of microorganisms during distribution
and storage. Irradiation techniques have increased the pos-
sibilities of solving the microbial problem. The traditional
methods for pasteurization of complex foods of seasoning
were heating, UV, microwave and chemical fumigants.
The heating method has a limited usage because it has
problems of nutritional loss, physical changes of texture,
flavor changes or secondary contamination. Treatments
using UV and microwaves have the problem of limiting
pasteurization to the food surface. Particularly, chemical
fumigants used frequently in commercial products have
been forbidden or limited by concern about the residue
in food and environmental pollution (1).

Concern about irradiation for food quality gradually in-
creased because irradiation is a new technology which
gives safety without changing the flavor and other char-
acteristics. Actually, irradiation of 1 kGy or 10 kGy was
permitted to control the growth of microorganisms over
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9 countries including the USA, England and Korea. Now-
adays, irradiation application to food is commercially used
in approximately 30 countries. Each country is forced to
regulate the irradiation and to label the irradiation amount
because consumers do not have enough knowledge on the
safety of irradiated foods and because they do not intend
to use irradiated foods. Therefore, it should be known to
consumers whether they are taking foods irradiated with
appropriate regulations or not. At the same time, a prac-
tical detection method to distinguish between irradiated
foods and non-irradiated ones was seriously needed for
the acceleration and establishment of international trade.

While detection methods of dried seasoning powders on
irradiation were little studied in foreign countries, it was
studied by several researchers in Korea (2,3). The analysis
with TL reaction depends on inorganic materials in food.
The reason why it analyzes the separated inorganic mate-
rials rather than total samples is because the degree of
mixing of inorganic materials is different according to
harvesting area, and treatment method of the harvest sam-
ples. However, the disadvantages of this method are that
it takes long time and requires a lot of samples (4). In
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the other side, electron spin resonance (ESR) spectroscopy
can measure ions and free radicals which were produced
from the broken molecular bonds by the partial energy
of itradiation. It is known to be a non-destructive detection
method of simple and fast sample preparation compared
with other methods (5,6). Despite of several advantages,
little research of dried-seasoning powders on irradiation
effects by using ESR spectroscopy has been conducted.
The objectives of this study were to know the rela-
tionship between the irradiated amounts and the amounts
of the formed free radicals by ESR spectroscopy during
storage of the dried seasoning powders which are used
as an ingredient of lameon soup, and to provide the useful
basic data for deciding the irradiated amounts of dried
seasoning powders as well as to know whether dried sea-
soning powders were treated by irradiation or not.

MATERIALS AND METHODS

Sample preparation

The seasoning powders used in this study were fla-
vored dried squid, shrimp, kimchi, spicy beef and soy
sauce. They were obtained from Korean food companies.
The samples were packed in polyethylene bag (50 g) of
1010 cm. The packed samples were irradiated using a
Co-60 irradiator (AECL IR-79, Canada) with doses of 0,
1,3, 5,7 and 9 kGy at room temperature and the rates
for Co-60 sources were determined by using a ceric ce-
rous dosimeter.

ESR measurement

Electron spin resonance (ESR) was measured by ESR
X-band spectrometer (Bruker EPR 300 spectrometer, Bru-
ker Instruments Inc., Germany). One hundred milligrams
of three samples of each seasoning powder in every irra-
diation were measured to be put into ESR quartz tube of
4 mm (i.d). The tubes were placed in the resonator located
between positive and negative of the electromagnet, to
provide the sufficient magnetic field within the spectrom-
eter. [t was measured until the energy absorption from the
magnetic field in a microwave was constant. The amounts
of free radicals formed from the irradiated samples for
18 weeks at room temperature were measured by ESR
signals.

ESR spectrometer settings were magnetic center field
of 3460 G, microwave frequency of 9.73 GHz, microwave
power of 5.029 mW, time constant of signal channel of
0.640 ms, sweep time of 10.486 s, receiver gain of 1.0 X
10*, modulation amplitude of 3.0 G and modulation fre-
quency of 100 kHz at 23°C.

Analysis of results
ESR results were obtained by Bruker Win-EPR with

the software program of Simponia, and the concentration
of free radicals was quantified by measuring the primary
differentiation of the absorbed curve intensities of ESR
signal on the peak areas of the applied magnetic field.
Triplicates on each sample in every irradiation were shown
by mean*standard deviation.

RESULTS AND DISCUSSION

ESR spectra and free radical concentration on irra-
diation

ESR spectra of non-irradiated and 7 kGy irradiated
samples are shown in Fig. 1a and Fig. 1b, respectively.
The peaks of ESR spectra of non-irradiated samples were
not detected showing no free radicals, while irradiated
samples were observed by signals of characteristic free
radicals. The values were g;=2.0057 £0.00006 for squid
taste, g1=2.01770.00008, g,=2.0087£0.00008, g:=2.0024
*0.00009, g4=1.9970+0.00009 for kimchi flavoring, g:=
2.0058 =0.00010 for spicy beef flavoring. ESR spectras
of squid and spicy beef flavored seasoning powder were
the same shapes of singlet line, but that of kimchi flavoring
was a multiple type. Soups of shrimp flavoring and soy
source flavoring showed Mn®* peaks with 6 similar dis-
tances in both irradiated and non-irradiated samples. These
results were similar to other reports of Nam et al. (7) on
crab and Stewart et al. (8) on scampi. Irradiated samples
showed the difference from non-irradiated samples, show-
ing g:=2.018910.00016, g,=2.0053£0.00007, g:=1.9890
+0.00011 for the soup of shrimp flavoring, g;=2.0052+
0.00010 for the soup of soy source flavoring.

Radical concentrations on the amount of irradiation to
dried seasoning powders are shown in Fig. 2. The free
radical concentration was known to be linearly increased
with the applied dose (1~9 kGy). As shown from the
regressions of Table 1, the relationships between the rad-
ical concentration (y) and the amount of irradiation (x)
were y=(3.07x+0.89) X 10° for squid flavoring, y=(2.05x
+1.09) x 10° for shrimp flavoring soup, y=(3.44x+0.17)
x 10° for kimchi flavoring, y=(2.47x+1.01) X 10° for spicy
beef flavoring, y=(9.96x + 19.25) X 10’ for soy source fla-
voring. Correlation cofficients (RZ) between the amount
of irradiation and the formation of radicals were highly
positive, having the range of 0.9681~0.9958 (Table 1).
The R’ were 0.9607 to 0.9965 for 2 weeks, 0.9585 to
0.9937 for 4 weeks, 0.9846 to 0.9913 for 8 weeks, 0.9780
to 0.9958 for 13 weeks, 0.9635 to 0.9907 for 15 weeks,
0.9285 to 0.9912 for 18 weeks. Therefore, R? of all sam-
ples had the high values within the range from 0.9285 to
0.9965. Chung and Kwon (3) reported that R’? between
irradiation and TL response in detection method of sea-
soning powder using TL was more than 9.5966. In this
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Fig. 1. Characteristic ESR spectrum derived from non-irradiated (a) and irradiated dried seasoning powder at 7 kGy (b).

SEROT——

3.E+07

Free radical
concentration (a. u)

Fig. 2. Dose-dependent free radical concentration in irradiated
dried seasoning powder.

study of using ESR spectroscopy, R” between the amount
of irradiation and ESR signal was more than 0.9285 for
all samples of 18 weeks. It was certain that ESR spec-

troscopy in measuring the formation of free radicals of
irradiated samples had more potential for better analysis
than the TC method.

Changes of free radical concentration during stor-
age time

Changes of the amounts of free radicals during storage
of samples are shown in Fig. 3. The sizes of signals
between the soup of kimchi-flavored powder stored for 18
weeks after irradiation and the just irradiated soup were
little changed for all the applied doses (1~9 kGy). The
sizes of the signals of the irradiated soups of squid fla-
voring, shrimp flavoring and spicy beef flavoring with 5
kGy or over were decreased for 2 weeks. And no signif-
icant change was not detected after 2 weeks in irradiated
soups of squid, shrimp and spicy beef flavoring. Those
of the irradiated soups of soy source flavoring with 3 kGy
or over were slowly decreased for 8 weeks. Then, no sig-
nificant change was detected in irradiated soups of soy
sauce flavoring. Radical concentrations in the high dose-
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Table 1. Linear regression between irradiation doses and free radical concentrations of irradiated dried seasoning nowder

St(?rage Squid flavoring Shrimp flavoring Kimchi flavoring Spicy beef soup flavoring Soy sauce flavoring
time
(week) Regression equationl) R? Regression equation R’ Regression equation R Regression equation R Regression equation R?

0 y=(3.07x+0.89)x 10° 0.9958
2 y=(2.57x+0.93)x 10° 09933 y (204x+077)><10 0.9965

15 y=(1.77x+1.06) X 10 0.9891

(250x+109)><10 09888 y=(3.44x+0. 17)><10 0.9945
(350x+101)><10 0.9934
4 y=(2. 34x+105)><10° 09916  y=(1. 88x+081)><10 0.9937 y (3. 41x+109)><10 0.9916
8 y=(2. 13x+107)><10 0.9906 y=(1. 75x+096)><10 09909 y=(3. 39x+123)><10 0.9914
10 y=(1.99x+1. 10)><10 0.9913  y=(1.63x+0. 83)><10 09878 y=(3.31x+1. 15)><10 0.98%9
13 y=(190x+l. 12)><10 0.9888 y=(1. 54x+080)><10 0.9958 y=(3. 40x+120)><10 0.9903
y=(1. 44x+091)><10 0.9852 y=(3. 25x+125)><10 0.99¢7
18 y=(1.62x+1.08)x10° 0.9895 y=(. 39x+0.81) X 10° 09912  y=(3.14x+1.06) X 10° 0.9900

y=(248x+1.01) X 10° 0.9893
y (201x+0.89) X 10° 09925
y=(L80x+0.84) X 10° 0.9936
y=(1:55x+0.89) x 10° 09902
y=(L48x+0.74) X 10° 09904
y=(143x+069)x 10° 09920
y=(1.26x+095) x 10° 09824
y=(1.19x+0.58) X 10° 0.9863

y=(9.95x+19.2) X AO 0.9681
y=(7.11x+18.7) X 10° 0.9607
y=(6.04x+17.9) X 10 0.9585
y=(4.73x+14.8) X 10 09727
y=(4.33x+12.9) X 10 0.9846
y=(4.02x+12.4) X 10 0.9780
y=(3.64x+10.6) X 10 0.9635
y=(3.72x+0.75) X 10° 0.9285

1
’x = irradiation dose, y = free radical concentration.

IR? = correlation between irradiation doses and free radical concentrations.
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Fig. 3. Changes of free radical concentration of dried seasoning powder during storage period at room temperature.

irradiated samples were decreased more rapidly than those
in low dose-irradiated samples. To compare the 18 week-
stored samples with the just irradiated samples, the re-
gression formulas between the radicals concentration of
the stored samples and the amount of doses for irradiation
are shown in Table 1. The soup of squid flavoring was
decreased from y=(3.07x+0.89) X 10° to y=(1.62x+1.08)

% 10°. Shrimp-flavored soup was from y=(2.05x + 1.09) X
10 to y=(1.39x 4 0.81) X 10°, while kimchi-flavored soup
was little changed from y=(3.44x+0.17) X 10°to y=(3.14x
+1.06) X 10°. The soup of spicy beef flavoring was
changed from y=(2.47x+1.01) X 10° to y=(1.19x+0.58)
x 10°. The soup of soy source flavoring was from
y=(9.96x+19.25) X 10° to y=(3.72x+0.75) X 10",
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Table 2. Linear regression between storage time and free radical concentration of irradiated dried seasoning powder

Squid flavoring Shrimp flavoring

Kimchi flavoring

Spicy beef soup flavoring Soy sauce flavoring

Dose Regression equation” R

Regression equation R’ Regression equation R’

Regression equation R’ Regression equation R’

1kGy  y=356x"2°x10° 09790  y=299x"2"x10° 09743 y=339x"*x10° 03000 y=3.11x*'x10° 09640  y=237x"x10° 09386
3KGy  y=L02x*0x107 09832 y=845x°°x10° 09883 y=LI0x™®x107 00255  y=0.07x"x10° 09744  y=6.10x""x10°  0.9457
SKGy  y=l73Pix10] 09827 y=l4sx*®x107 09693  y=195x°%x10 00039  y=133x""x10) 0979  y=8.06x"**x10° 09346
TIGy  y235°7x100 09738 y=L81x*?x107 09923  y=245x°%'x107 02201  y=197x""x10) 09916  y=9.86x"°x10f 09797
9kGy y=2.84x"x100 09862  y=233x100 09927 y=3.09x°%x10’ 02705  y=23%""x100 09815  y=10Sx“*x10" 09938

1 . . .
’x = storage time, y=free radical concentration.

Regression formular between the concentration of free
radicals (y) and the storage time (x) were obtained from
the samples irradiated with 7 kGy of the commercial doses.
The squid-flavored soup was y=2.35x'0‘267 X107 R’*=
0.9738), shrimp flavoring was y=1.81x'0'242>< 107 R’=
0.9923), kimchi flavoring was y=2.45x°%'x10" (R*=
0.2201), spicy beef flavoring was y=1.97x"*x 10" (R*=
0.9916), and soy source flavoring was y=9.86x"""x 1¢°
(R’= 0.9797) (Table 2). Especially, R® between free radical
concentration of the kimchi-flavored soup and its storage
time was 0.2201, and the free radical concentration formed
by irradiation was little changed during storage. These
results of ESR spectroscopy can be helpful to determine
whether any dried seasoning powders stored for 18 weeks
were treated by irradiation or not. Also, it would be pos-
sible to estimate the amount of irradiation on each sample
stored.

ACKNOWLEDGMENTS

The authors would like to thank the Ministry of Science
and Technology (Research of Long-and-Mid-term Nuclear
R&D program) for financial support during this study.

REFERENCES

. Vajdi M, Pereira RR. 1973. Comparative effect of ethylene

oxide, gamma irradiation and microwave treatments on
selected spices. J Food Sci 38: 893-895

. Hwang KT, Byun MW, Wagner U, Dehne LI. 1998, De-

tection of post-irradiation of dry soup base ingredients in
instant noddle by thermoluminescence technique. Korean J
Food Sci Technol 30: 759-766.

. Chung HW, Kwon JH. 1998. Detection of irradiation treat-

ment for seasoned-powdered food by thermoluminescence
measurement. Korean J Food Sci Technol 30: 509-516.

. Schreiber GA, Ziegelmann B, Helle N, Bogl KW. 1993.

Luminescence techniques to identify the treatment of foods
by ionizing irradiation. Food Structure, 12: 385-396.

. Dodd NJE. 1995. Free radicals and food irradiation. Bio-

chem Soc Symp 61: 247-258.

. Stachowicz W, Strzelczak-Burlinska G, Michalik J. 1992.

Application of electron paramagnetic resonance (EPR) spec-
troscopy for control of irradiated food. J Sci Food Agric
58: 407-415.

. Nam HS, Ly SY, Yang JS. 2000. Identification of irradiated

crabs by ESR spectrometry. J Food Hygiene and Safety 15:
1-4.

. Stewart EM, Stevenson MH, Gray R. 1992. Detection of

irradiation-in scampi tails-effects of sample dose and storage
on ESR resonance in the cuticle. Int J Food Sci. Technol
27: 125-132. .

(Received July 28, 2001; Accepted December 6, 2001)



