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ABSTRACT - In this study, we investigated the applicability of the photostimulated luminescence(PSL), ther-
moluminescence(TL) and electron spin resonance(ESR) methods for various foods which are not allowed to be irra-
diated in Korea. All 15 foods including sesame, almond, peanut, cocoa powder etc. were analyzed. Samples were
irradiated at 1~10 kGy using a ®’Co gamma-ray irradiator. In PSL study, the photon counts of all the unirradiated sam-
ples showed negative(lower than 700). The photon counts irradiated(1 kGy) dried shrimp, roasted peanut and sea-
soned peanut showed positive(higher than 5,000) and the other samples were negative or intermediate(> 700 and
< 5,000). In TL analysis, results showed that it is possible to apply TL method to all foods containing minerals. In ESR
measurements, the ESR signal(single-line) intensity of irradiated foods was higher than non-irradiated foods. In par-
ticular, the specific ESR signals of irradiation-induced crystalline sugar, cellulose and bone radical were detected in
dried plum, raisin, dried cherry, mango(dried, frozen), rambutan, cocoa(powder), cinnamon, parsley, carrot, broccoli,
dried arrow squid, dried pollack and dried shrimp. According to the results, PSL, TL and ESR methods were success-
fully applied to detect the irradiated foods because TL method is not able to detect the irradiated foods rarely com-
posed of minerals. ESR is also a difficult method to detect the changes of ESR signal patterns of food. It is concluded
that TL analysis or ESR assay is suitable for detection of irradiated samples and a combined method is recommend-
able for enhancing the reliability of detection results.
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Table 1. PSL determinations for this study

PSL photon counts (counts / 60 sec)'
0 kGy 1 kGy
Ist 2nd 2nd

Samples
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Cocoa powder
Dried cherry
Raisin
Dried plum
Walnut
Almond
Pecan
Roasted sesame
Perilla

Cinnamon
Basil
Dried arrow
squid
Dried pollack
Dried shrimp

Z
Z
Z

Mango
Dried mango

w Z Z 9 =
v Z Z Y =
Z Z v —

N

N

N

N

N

N

N

N

N
Parsley N
N

N

N

N

N

N

N
Roasted peanut N
N

zzz2Z2Z2ZZ Z ZZZZZZZZZZZZ
zzz2ZZ2ZZ Z ZZZZZZZZZZZZ

Seasoned peanut P P

\/"U"U

DThreshold value : T, = 700, T, = 5000, (=) <T,, T,<(M) <T,, (+)
N : Negative (-), 1 : Intermedlate P : Positive (+)
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Table 2. PSL determinations for dried shrimp, roasted peanut and seasoned peanut

PSL photon counts (counts / 60 sec)'

Samples 0 kGy 1 kGy
Ist 2nd 3rd Ist 2nd 3rd
Dried shrimp 249 + 34 254 £ 34 273 £34 70,650 + 523 101,162 + 624 98,058 + 603
) ) O] ) Q) )
Roasted peanut 277 +32 285+32 299 + 33 35,220 +£232 16,120 £ 232 13,532 +£ 193
) ) Q) G G (G
Seasoned peanut 243 +32 288 £33 289+ 33 406,562 + 447 842,990 + 885 982,089 + 1035
) ) ) ) ) G

DThreshold value : T,= 700, T,= 5000, (<) <T,, T,<(M) <T,, (+)>T,

N : Negative (-), | : Intermediate, P : Positive (+)
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Fig. 1. TL glow curve for 1.0 kGy-irradiated (left) and 1.0 kGy-reirradiated (right) almond product.
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Table 3. TL ratio of minerals separated from samples for this Table 3. (Continued) TL ratio of minerals separated from samples
study for this study
TL ratio TL ratio
Food Target irradia- note Food Target irradia- note
& Unlr.radla Irradiation g Umr.radla Irradiation %
tion tion
1 0.0507 0.6989 1 0.0033 0.1207
2 0.0503 0.1454 2 0.0072 0.0142
Pecan
3 0.0004 1.0768 3 0.0313 0.0384
4 0.0039 0.3654 4 0.0433 0.1022 dried
1 0.0221 2.4525 5 0.0106 0.2652 dried
2 0.0018 1.2660 Mango 6 0.0601 0.2268 dried
Walnut
3 0.0040 0.6276 7 0.0014 0.1360 frozen
4 0.0275 0.7182 Fruit 8 0.0082 0.0155 frozen
1 0.0174 0.6802 9 0.0574 0.0442 frozen
2 0.0007 0.1111 10 0.0063 0.2110
3 0.0019 0.4387 11 0.0064 0.2447
Almond
4 0.0151 0.2040 1 0.0083 0.4248 frozen
5 0.0091 0.3905 2 0.0082 0.4247
Nut Rambutan
u 6 0.0197 0.1801 roasted 3 0.0127 1.1834
1 0.0023 0.3265 4 0.0132 1.4410
0,
2 0.0009 0.2875 1 0.0031 0.1264 100%
3 0.0050 1.1545  roasted cocoa
Peanut roasted 40%
2 0.0061 1.2606
4 00400 00308 G cocoa
%
roasted 3 0.0010 07674 0%
5 00116 L6877 shell e Cocon cocoa
100021  0.1934  powder powder o051 11976 0%
2 0.0023 1.0947  powder Cocfa
3 0.0019 0.8238  powder 5 0.0165 0.2938 100%
Acorn cocoa
4 0.0107 0.9205  powder
16.10%
5 00047  0.8257  powder 6 00166 02987 o
6 00173 0.6373  powder 1 0.0001 0.5449  roasted
1 0.0001 0.0373 2 00139 1.0862  roasted
Dried plum 2 0.0254 0.0227 Sesame 3 0.0024 0.8045
3 00188 0.4087 4 0.0059 0.4779
I 0.0065 0.0811 5 0.0074 1.4968
Dried cherry 2 0.0640 0.0162 Seed 1 0.0012 1.6742
ee
300513 0.1865 2 0.0019 41036  powder
1 0.0002 0.0750 3 0.0020 57483 powder
Raisin 2 0.0181 1.3318 Perilla 4 0.0013 1.1385  powder
Fruit 3 0.0002 0.7134 5 0.0015 1.4612  powder
1 0.0180 1.1982 roasted,
2 0.0044 0.3131 6 0.0014 10311 powder
3 0.0044 0.3131 frozen ) 1 0.0052 2.5364
4 00059 09006 frozen Dried 5 00313 1.5042
Strawberry pollack
5 0.0178 1.1985 frozen . 3 0.0043 0.4894
) Dried fish
6 0.0074 0.5602 jam Dried 1 0.0447 2.1908
7 0.0291 0.8756  jam “:q;g"w 2 00184 06132
8 0.0127 1.0216 jam 3 0.0335 0.5440
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Table 3. (Continued) TL ratio of minerals separated from samples
for this study

TL ratio
Food Target Unirradia- . note
R Irradiation
tion
1 0.0007 1.8461
2 0.0009 1.0486
] 3 0.0017 0.7103
Dried =y 00034 20204
shrimp
. 5 0.0011 2.4221
Dried fish
6 0.0027 0.5345
7 0.0014 0.1234
1 0.0126 0.7421
Dried squid 2 0.0128 0.2148
3 0.0172 0.7419
1 0.0102 1.5302  washed
2 0.0067 0.2616  washed
Carrot
3 0.0002 0.4984
4 0.0018 1.4133
Vegetable 1 0.0072 0.5960 frozen
2 0.0041 0.3184
Broccoli 3 0.0154 0.8615
4 0.0028 1.2112
5 0.0150 1.2567
1 0.0177 1.1389
Parsley 2 0.0004 0.9418
3 0.0324 0.4992
1 0.0002 1.9077
. 2 0.0047 0.2411
. Basil
Spice 3 0.0009 1.6036
4 0.0014 0.7007
1 0.0045 4.0027
. 2 0.0327 2.9329
Cinnamon
3 0.0043 1.3265
4 0.0024 0.6300
1 0.0008 1.2606
2 0.0011 0.4558
i 3 0.0212 0.8884
other Chrysalis
(pupa) 4 0.0115 0.9302
5 0.0626 1.1345
6 0.0216 0.8959
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Table 4. ESR measurements for this study

o Irradiated dose (kGy)
Food Target Unirradiation 3 note
1 3 5 10
Dried plum - - - + + cellulose radical
Raisin - +++ +++ +++ +++
Fruit Dried cherry - +++ +++ +++ +++
Mango(dried, frozen) - +++ +++ +++ +++ ) )
frozen rambutan . +++ et Tt Tt crystalline sugar radical
. Cocoa powder
- o+ b A+t ot
Favorite (16.1%, 20%, 30%, 40%)
. Cinnamon - - - + ++
Spice
Parsley - - - - + )
cellulose radical
Carrot - - + + ++
Vegetable .
Broccoli - - + + ++
Dried arrow squid - +++ +++ A+ A+
Dried fish Dried pollack - 4+ +++ +++ -+ hydroxyapatite radical
Dried shrimp - + ++ -+ -+

¥ un-irradiated: Single-line signal, +: ESR signal(weak), ++: ESR signal(strong), +++: ESR signal(very strong)
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Table 5. Summarized Results of detection method for this study

Detection methods

Food Target
PSL TL ESR
Pecan X O X
Walnut x O X
Nut Almond X O X
roasted O O X
Peanut
seasoned O X x
Acorn(powder) - O x
Dried plum x x AN
Dried cherry X X O
Raisin X O O
Strawberry - @) -
. normal X x A
F
ruit Maneo dried x @) O
8 frozen x x @)
apple mango x O x
fi -
Rambutan rozen O O
normal - O X
1
Favorite Cocoa(powder) ) O 9
X O X
Seed Sesame(roasted) x O x
Perilla x O x
Dried pollack x O O
Dried fish Dried arrow squid x O O
Dried shrimp O O O
washed - O A
Carrot
Vegetable normal - O A
Broccoli - O A
Parsley x O A
Spice Basil x O x
Cinnamon X O AN
other Chrysalis(pupa) - O x

DCocoa(powder) 16.1%, 20%, 30%, 40%, ?Cocoa(powder) 100%

O : applicability (high), ~ : applicability (middle), x : applicability (low)
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